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COAL RESQURCES OF THE SUSITNA LOWLAND, ALASKA

by
Roy D. Merritt

ABSTRACT

The Susitna lowlana of southcentral Alaska comtains major reserves of
aubbltuminocus and lignite coals within the Kenai Group ot lerciary age; these
reserver cccut mainly in the Tyonek Formatior.. The Susitnua lowland contains
the second largest coal-vesource base in Alaska, surpassed only by the north-
ern Alagska deposits. Lstimates of resources and reserves vary widely, but
total mirvable reserves are undoubtedly several billion tons. Most of the
known resource: occur in a crescent-shaped belt along western und souchern
margins of the Susitna lowland.

Kenai Group coals formed in paleoenvironments ascoclated with continental
fluvial depousitional systems. Rapid lateral and vertical changes in lithology
often make correlaticr of coal beds difficult, even over distances of 1,000 m.
Perrovlogic studies indicate that most of the Susitnua lowland cecals originated
in forest-moor environments during a fairly temperafe (warm and moist) clima-—
tic period. Peat-forming episodes that occurred during lulls in regional tec-
Lenle activity were interrupted by the rejuvenation of adjacert highlands of
low to moderate relief ond the shedding of clastic sediments into backswamps.

Susitna lowland coals are comparable in overall qualityv with those of the
Powder River basin of the western United States. The sulfur content of Susit-
na lowland coals is exeremely low, z0.3 percent, and ash content 1s variable
but averages about 15 percent; mean heating value is about 8,200 Bru/lb (all
o as-received basis). Concentrations of trace elements that cculd volatilize
during combustion, such as mercury, antimony, uranium, and thorium, are rela-
tively low, but sodium, vanadium, and barium sometimes occur at higher levels.

Coal overburdens of the region are also low in pyrite and sulfur (<0.5
percent); as with the coals, sulfur occurs mziuly in the organic species.
{inor quantities of framboidal pyrite, present as pvritic sulfur, were docu-
mented in certain overburden samples. Some overburden samples had relatively
high percentages of the trace elements boron, lead, zinc, molybdenum, nickel,
cobalt, and cadmium. However, the seriocus acid conditions commonly associated
with eastern and midwestern U.S., coal mines and the high levels of soluble
salts and adsorbed sodium in western U.S. coalfields are not likely to be
significant problems.

large~scale surface mining in the Susitna lowlane will probably begin
within the next decade. At that time, material textures in mine spoils,
paerticulariv clays and weathered gleys, may become a significart problem
for proper drainage and revegetation on certain tracts. In addition, stream
siltation may cccur locally; in areas of perched ground water or springs,
de-watering of tremches ard pits will be necessary.

1Formerly of DGGS, 3700 Airport Way, Fairbanks, Alaska 99708-4699.



INTRODUCTION

GCovernment and industry have sporadically investigated Alaska coals since
about 1900. Uniform resource and reserve figures and information on geology
and extent of most occurrences are scarce, but existing evidence indicates ex-~
tensive coal resources in Alaska. In 1979, U.S. Department of Energy reported
a demonstratea Alacskan coal-rueserve base of 6 billion tons. In contrast to the
Cook Tulet and ttie Kenal Peninsula, which have been cxtensively ¢rilled for
0i) and gas and intensely studied, the subsurface of the Susitna lowland is
relatively unexplored, and its structure and stratigraphy are poorly under-
stood. [Estimatcs of total coal resources-—inferred and hypothetical--have
variec lrom 2 to 5.5 trillion tons (McConkev and others, 1977).

Despite theve immense resources, coal production has been minimal because
of the remoteness of deposits and lack of markets, During the early part of
this century coal was produced on a small scale from pumerous sites [or local
uce and for ship fuel; substantial quantities were produced from the Matanuska
coalfield (fig. 1) for the Anchorage market until natural gas from Cook Inlet
supplanted it in 1967 (Conwell, 1972b). Coal production in Alaska is limited
now to the Usibelli Mine, which produced about 1,5 million tons f{rom the
Hosanna Creek ficld of the Nenana basin in 1986,

The high cost of petroleum fuels and uncexrtainty of supply have created
strong interest in Alaska's coal resources and their feasibility for local
use, export, and generacion of svuthetic fuels. Accordingly, DGGS Is
investigating and assessing coal resources of the state.

The purposes of these investigations are to aid in land classification
and management, to facilitate issuance of coal-prospecting permits and coal
leases, to determine more accurately the extent of coal reserves and their
potential for development, to address numerous inquiries from industries who
are interested in developing the resources and from Pzcifie Rim countries
seeking coal supplies, and to provide a single information source on coal
deposits of an areu,

The first region selected for study is the Susitna lowland, a broad
area drained by the Susitna River and its tributaries. Beds of subbituminous
and lignite coal exposed along major drainages of the Jowland and southern
foothills of the Alaska Range indicate abundant, relatively shallow, subsur-
face cval deposits. Explovatory drillirg by leaseholders in the southwestern
Susitna lowland has proved major coal reserves svitable for surface mining,
Barnes (1966) estimated the coal resources within the Beluga-Yentna region at
2.4 billion tons in beds over (.75 m thick; of these resouvrces, 2.1 billion
tons are concentrated in the Beluga and Chuitna River basins.

The strategic location near tidewater, the thickness, extent and quality
of the numerous coal seams, and characteristics of the ovverburden, the inter-
burcden, and the seatrock cumbine to make deposits of the Susitrna lowland-~-and
particularly these iu the southern area--tlie most cconcmically atctractive for
near-term, new-minc development in Alaska. Coals of the Matanuska field will
undoubtedly be mined apew iu the near {uture, and these could be blended with
the lower-Btu coals of the Susitna lowland to upgrade the product.
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The Susitna lowland contains several coalfields, all of which ure of
similar ¢gc and character. Because discontinuous outcrops and lack of sub-
surface data precluae detailed study for most or the lowland, this study will
focus on regional basin analysis,

The Susitna lowland was selected for three reasons: (l) it contains the
Capps and Chuitna districts of the Beluga coalfield, which have the highest
potential for near-term large-scale production in Alaska; (2) enough geologic
data exict to make rthe preliminary compilation without extensive field work;
and (3) the statc has received numerous applicaticns for coal-prospeccing
pernits and needs information on that area's coal potential,

Location and settlements

The entire Cook Inlet-Susitna lowland Tertiary province (Wahrhaftig,
1965) is about 515 km long by 130 km wide. The Susitna lowland encompasses
about 13,000 km? (fig. 2). Bounded by the arcuatec Alaska Range on the nerth
and west, the Talkeecna Mountains on the east, and Cook Tnlet on the souath,
the lowland extends from the Matanuska-Susitna Borough into the Kenai Penin-
sulu borough (fig. 3). Because the Susitna lowland includes the northern part
of Cook Inlet, some authors (Miller and others, 1959) have considered it the
northwestern extension of the Cook Inlet Tertiary basin. Barnes (1966) called
the aresz the Beluga-Yentna region. Elevation ranges from sea level at Cook
Inlet to about 300 m at the northern margin, Isolated uplands of intrusive and
pre-Tertiary rocks rise to 1,200 m above surrounding lowlands.

The Castle Mountain fault, a major northeast-trending discontinuity,
separates upper Cook lnlet on the south and the Susitna lowland on the north.
Most stratigraphic studies in the Cook Inlet petroleum province terminate at
the fault; however, important coval leases in the Beluga {ield lie on both
sldes of the fault zone. Work during the past several years by leaseholders
in the southwestern part of the lowland indicates the Beluga coalfield con-
tains three separate coal deposits: Capps, Chuitna, ana Threemile districts.

The upper Cook Inlet region, site of metropolitan Anchorage and nearby
settlenents in the Matanuska Valley and Kenai Peninsula, is the most deunsely
populated region in Alaska. The state's principal agriculcural region is
located in lower Matanuska Valley, and additional lands arc being readied for
agriculture near MacKenzie Point, across Knik Arm from Anchorage. Except for
small settlements along the Parks Highway and the Alaska Railroad, the Susitna
lowland is essentially uninhabited. Summer activity includes placer mining in
the Petersville-Cache Creek area in the northern psit of the lowland and
drilling on the active coal leases in the southwestern lowland.

Access

The Parks Highway anda the Alaska Razilroad transect the Susitna lowland
in a north-south direction roughly paralleling the Susitna River, connect the
ports at Anchorage and Seward with kalrbanks in the interiox, and pass through
the Susitna, Matanuska, and Broad Pass coualfields (fig. 3). Because of acces-
sibility to rail and ocean transportation, the Susitna lowlerd has been a main
coal-exploration target of industry. The Parks Highway and a l6-km-long exten-
sicn to Talkeetna are the main paved roads in the area. A 50-km-long gravel
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Figure 2. Perspective block diagram showing general location and physiographic setting of the Susitna
lowland. Mecdified from Miller and Dobrovolny (1959). Vertical exaggeration about &4x.
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Figure 3. Regional index map showing main geographic features, transportation
routLes, and major political boundaries in southcentral Alaska.

road connects the placer-mining district on Peters and Cache Creeks northwest
of Talkeetna wich the Parks Highway. Most of the remaining lowland is access-
ible only by aircraft or riverboat; helicoptcers are generally used for field
investigations. Surface conditions and environmental vrestrictions limit the
use of off-road vehicles. A few private landing strips of varying quality
lie near some of the mining claims, but permission is required for their use.
Public facilities are available at Talkeetna.



Climate

The climacte in the Susitna lowland is Jess severe than in the irterior,
but heavy snowfalls and strong winds are not unusual during winter. Average
annual precipitation at Talkeetra is 71 cm, and the mean temperature is about
0°C; Anchorage iInternational Airport averages are 38 c¢m and 2°C, respectively
(U.S. Department of Commerce, 1968).

Fervians (1963) indicated that the lower areas of the southern Susitna
lowland are generally free of permafrost. Permafrost occurs in isoclated
masses at intermediate elevatrions and is discontinuous in the mountains,

Physiography

The terrain of the ccutral Susitna lowland is broad, relatively flat to
slightly irregular, and increases in relief toward the foothills. Schnoll and
Yehle (1978) classificd the physiographic and geologic features of the Beluga
area into: (]) high mountains and foothills of Mesozoic and lower Tertiary
metamorphic and igneous rocks; (2) an adjacent plateau underlain primarily
by Tercilary coal-bearing vocks with a generallyv thin, discontinuous cover of
Quaternary-Tertiary(?) glacial deposits; and (3) lowlands underlain by thick
Quaternary deposits~~principally estuarine and fluvial--that are separated
frem the plateau by major escarpments.

Large glaciers approach the margins of the Susitna lowland. During
Fleistocene time, at least five glaclations affected the lowland (Karlstrom,
1964; Nelson and Reed, 1978); evidence indicates that ice filled upper Cook
Inlet to elevations of over 1,200 m (Karlstrom, 1965). Retrecating glaciers
from the Susitna lowland left a landscape dominated by flited moraines, drum-
lins, kettle lakes, ponds, wmarshes, bogs, aund scoured bedrock (Karlstrom,
1965). Periglacial activity and mass movement created valley features of
talus slopes, landslides, avalanche chutes, and rock glaciers. TFluvial and
other processes continue to modify the floor of the lowland.

Previous work

Geologic investigations and reports of coal in the Susitna lowland were
made by the U,S., Geological Survey as early as 1900 (Barnes, 1966). Various
factors=~the 1957 discovery of oil and gas in the Cook Inlet basin at Swansen
River, an increased interest in the coal and agricultural potential of the
region, land selections under the Alaska Statehood Act and the Alaska Native
Claims Settlement Acc, and attempts to move the state capital to Willow--have
resulted in numerous reports on the environment and resources of the region;
many are cited in this report. The most thorough report published on coal in
the Susftna lowland is by Barnes (1966).
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STRUCTURAL GEOLOGY AND REGIONAL TECTONISM

The Susitna lowland is an embayment or extension of the Cook Inlet back
arc basin, or intermontane half graben. XKelly (1963) concluded that the low-
land is separated from the Ccck Inlet basin by a partially buried ridge of
granitic rocks. The major synclinal axis of the Cook Iniet basin bifurcates
northward} one axm extends into the Yentna region, the other northeastward
into the Matanuska Valley. These pull-apart extensional basins, or rifc
valleys, are typically filled with continental deposits and characterized
by numerous discontinuoue coal seams,

Payne (1955) reccgnized five arcuate Mesozoic tectonic elements in south-
central Alaska: (l) the Chugach Mountains geosyncline, (2) the Seldovia geant~
icline, (3) the Matanuska geosyncline, (4) the Talkectna geantieline, and (5)
the Alaska Range geosyncline (fig. 4). The Shelikof Tyrough, which includes
the Susitna lowlana, is a Cenozolc structure superimposed on these five Meso-
zoic fecatures, During widespread orogeny at the end of the Cretaceous Period,
the Talkeetna Mountains rcstricted part of the Matanuska geosyreline and
became .the eastern boundary of Shelikof Trough (Gates and Gryc, 1963).

According to Hackett (i%76a, 1977), Tertiary basing of the upper Cook
Inlet reglon repvesent a system of tilted horsts and grabens produced by ex-
tensional fragmentation of a pre-Tertiary basement (fig. 5). He postulated
that substantial translational and rotational block movements occurred in
southcentral Alaske during Late Cretacecus and early Tertiary time, caused
by a change from normal to oblique subduction between major plates (1976a).
Continucd oblique rifting during middle to late Terctiary time further accen-
tuated these basins. Hackett (1977) recognized several subbasins within the
region and interpreted the Cook lnlet, Beluga, and Yenrtna basins as rhombo-
chasnie; that is, parvallel-sided gaps in the crust caused by dilation (fig. ¢).
In dextral rhombochasws, the crustal blocks are moved apart wicth a right-hand
lateral component. Hackett interpreted the Susitns basin and the Matanuska
Valley as sphencchasms, or triangular gaps separating two crustal blocks wich
fault margins that converge to a point. Carey (1958) concluded that a spheno-
chasm originates from rotation of one of the blocks.

-8 -
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Figure 4. Major tectonic elements cthat outline the geologic setting of
southcentral Alaska. Modified from Payne (1955); Hackett (1976a),

In Hackett's (1977) simple Bouguer gravity map of the scuthern Susitna
lowland (fig. 7), gravity highs correlate with exposures of pre-Tertiary base-
ment tocks, and gravity lows indicate areas underlain by Tertiary sediments.
Relief on the pre-Tertiary basement surface generates the larger anomalies
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Figure 5. Structure sections based on geophysical profiles wecross the Beluga
basin and adjacent areas. From Hackett (1977).

over the lowland. The Beluga, Susitna, and Yentna basins are characterized by
steep gravity gradients and low Bouguer anomalies which indicate the presence
of large basement discontinuities where deep tectonic basins form. The region-
al gravity gradient over the upper Cook Inlet region infers a gradual westward
thickening of the earch's crust (Barnes, 1966; Hackett, 1977). The Castle
Mountain fault bends or splays into the Bruin Bay fault zone south of the Lake
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Clark fault (fig. 8); it is thought not to continue west-southwest into the

Lake Clark fault as originally inferred. The Beluga Mountain fault trends
northwest along the Beluga Mountain-Mount Susitna front and Susitna lowland
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boundary; Hackett (1977) interpreted it as a high-angle, 60°- to 75°-dipping,
reverse fault upthrown on the southwest, with a vertical displacement of over
3,000 m. The Castle Mountain fault, clearly visible as a surface lineament
crossing the Susitna Flars (Kirschner and Lyon, 1973), displays dextral strike-
slip movement or right-lateval drag, as evidenced by offset stream drainages,
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These major high-angle rcverse faults and small-scale, high-angle block
faults within the Susitna lowland definitely offset the coal deposits. Most
stratigraphic studies of the Cock Inlet petroleum province end at the Castle
Mountain fault; however, important coal leases in the Beluga basin lie on both
sides of the fault zone. The 1mpact of such faulting on mine development can
vary; upthrown blocks, such as dn the Chuitna district, provide favorable con-
ditions for extraction of coal (fig. 9), whereas downthrown blocks localize
channeling, which leads to erosion of coal seams,

A major structural discontinuity (fig. 10) consisting of the Bruin Bay
fault, the Moquawkie magnetic contact, and that pary of the Castle Mountain
fault east of the Theodore River, divides the Susitna lowland into a deeper
southeastern segment, which subsided more rapidly during accumulation of the
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Kenal Group, and a shallower northwestern segment. North of Castle Mountain
fault, the Kenail Group 1s typically <600 m thick, whereas in the southern
Susitna lowland it 1s commonly as thick as 3,000 m (Grantz and others, 1963h;
Wolfe and others, 1966; Calderwood and Fackler, 1972; Hartman and others,
1972). TFigure 1l shows three generalized cross sections from western Susitna
lowland areas. Major faults of the Cook Inlet region have controlled develop-
ment and configuration of basin depocenters; these thick sedimentary sequences
may also contain potential ecil-and-gas resources (Hackett, 1976b; fig. 12).
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Current stratigraphic nomenclature for the Tertiary coal-bearing strata
of the Susitna lowland was first proposed by Calderwood and Fackler (1972) for
Because of the thickness and complexity of the Tertiary
sedimentary sequence, they changed the 'Kenai Formation' originally adopted by

the Cook Inlet basin,

TERTIARY LITHOSTRATIGRAPHY

Dall and Harris (1892) to 'Kenai Group' and recognized five distinct forma-

tions, from oldest to youugest: West Foreland, Hemlock Conglomerate, Tyonek,

Beluga, and Sterling (fig. 13). Thelir divisions were based partly on five

lithologic zones distinguished by Kelly (1963) from subsurface-well data in
the central Cook Inlet basin:

Zone 1 massive sand beds (5,000 ft thick)
Zone 2 sandstone, shale, lignite (several thousand ft thick)
Zone 3 siltstone, shale, low-rank coal {(several thousand ft thick)
Zone 4 sandstone and conglomerate 'Hemlock producing zone'
(700 ft thick)
Zone 5 siltstone and shale (several hundred ft thick).

01l or gas has been produced from all formations of the Kenal Group

(Calderwood and Fackler,

1972), although most major oll fields of the Cook

Inlet region produce from the Hemlock Conglomerate (Magoon and Claypool,
1981), and petroleum exploration in this region has yielded valuable
stratigraphic information.

2
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Figure 13. General stratigraphic
nomenclature for the Tertiary
Kenai Group of southcentral
Alaska. From Calderwood and
Fackler (1972).
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Magoon and others (1976) and Boss and others (1978) segregated the West
Foreland Formation from the Kenai Croup because of the maior unconfornity sep=
arating it from the overlying Hemlock Conglomerate. They regard the Hemlock
Conglomerate, not the West TForeland Formation, as the basal formation of the
Kenai Group. Boss and others (1978) considered che Hemlock Ccnglomerate to
be a member of the Tyonek Formation; Magoeon and others (1976) included it with
the Tyonek Formation in their regional compilation (Schmoll and others, 1981).

Barnes (1966) divided the 'Kenai Formation' into lower, middle, and upper
members; his coal-bearing middle member contrains sandstone, siltstone, clay-
stone, and conglomerate, and the enclosing upper and lower stratigraphic units
consist predominantly of pebbly sandstone ana conglomerate. Magoon and others
(1976) and Reed and Nelson (1980) tentatively correlated equivalent formations
between their 'Kenal Group' and the 'Kenai Formation,' basing their work on
paleobotanical and palynological studies of Wolfe and others (1966) and on the
stracigraphic studies of Calderwood and Fackler (1972). In table ! Barnes's
correlations are compared with those of Magoon and others and Reed and Nelson,

The Kenui Group vepresents clastic fore—arc-basir deposits of early and
late Cenozoic tectonic cycles (Fisher and Magoon, 1978; Schmoll and others,
1981)., The rocks are charactevistic of g continental fluvial system: they ere
nondeltaic, except for local lacustrine deltas, and appear to be products of
a meandering fluvial regime (particulariy in the Tyonek Formation). Lateral
migration produced fining-upward sequences, and rapld lateral and vertical
changes in lithology are common, Channel deposits are characteristically
coarge-grained seaiment; fine~grained rooted siltstone, shzle, and thin coal
repregsent interfluve sediments. Levees that flank chaonels are typically
fine-grained sandstone and siltstene. Sedimentary structures other than
cross-stratification in coarser grained units are rare on natural exposures.

The coals and enclosing strata of the Susitna lowland also are charac-
teristic of freshwater paleoenvironments. These sedimentary sequences can be
differentiated from marine and brackish-water systems by the following primary
characteristics:

. moderate to high ash content in coals--reprecsents influxes of
terrigenous silt (ash typically low in pyrite aund carbonate
minerals and high in quavtz ard kaolinite)

. locally thick coals, but discontinuous laterally

. low sulfur in coals and overburden

. lack of diagnostic marine fossils--absence of faunal elements
and burrowing (biogenic structures; bioturbation)

. high sand-to-mud vatios of associated rocks

abundant organic matter and plant detritus of associated rocks;
common coalified rocts and in-piace stumps
rare dark-gray to black claystone

. frequent rooted, slickensiced, refractory undevclays

illitie~kaolinitic clay associations

. siderite nodules and bands present in coals and assoclated strata,
but not commen or diagnostic--presence reflects poor drainage.

Tertiary sedimencary rocks of the Susitna lowland north of the Castle
Mountain fault are relatively thin--typically 600 m or less, but with three
depocenters over 1,500 m thick (fig. l4)--and they nonconformably overlie
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Table 1. Tentative correlations of geologic units.

Avrea

SVl

11.

. South of Capps Glacier

. North of Lone Ridge
. Beluga River

a4, North of Lake Clark fauit

b. Between Lake Clark and
Bruin Bay faults

c. South of Bruin Bay fault

, Chuitna River hetween

Lake Clark and Bruin Bay
faults

. Tributaries of Nikolai Creek

south of Lake Clark fault

, Threemile River-Lewis River

area south of Little Mt.
Susitna and north of Lake
Clark fauit

. Drill Cyeek and Coal Creek
. Talachulilna River; Friday and

Saturday Creeks

. Canyon Creek
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Figure l4. Generalized isopach map of Tertiary deposits in the Cook Inlet-

Susitna lowland area. Modified from Kirschner and Lyon (1973), Hartman
and others (1972), and Hackett (1977).
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granitic rocks. The Kenail Group ranges to over 3,000 m thick, but is commonly
<1,500 m thick south of the Castle Mountain fault in the southern Susitna low-
land; in this region, it usually overlies older Tertiary and Mesozoic sediment-
ary rocks. In the central puart of the Cook Inler basin, the group is more than
4,500 m thick (Kirschnur and Lyon, 1973; Hartwman and others, 1974).

Kenai Group sediments in the Susictna lowland derived mainly from plutonic
and metamorphic sources in the tectonically active Alaska Range and Talkeetna
Mountains. Kirschner and Lyon's (1973) model portrays a broad intermontane
trough confined by burderlands of low to moderate relief during wavm to temp-
erate climatic conditions (tig. 15). They divide deposition of the Kenai CGroup
of the Cook lnler basir. inLo three phases based on the lLithologic and mincra-
logic character of the sediments: (1) an Oligocene-Miocene transgressive phase;
(2) a brvief late Miocene culmination (stillstand); and (3) a Pliocene regress-
ive phase. The West Foreland Formation, Hemlock Conglomerate, and lower Tyorck
Formation were deposited in the transgressive phase. The lzte Miocene culmina-
tion wae characterizea by a transitional period of low-crnergy sedimentation,
when the siltstone, carbonaceous shale, and coal in the upper part of the
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Figure 15. Primary elements of a Tertiary model for the Cook
Tnlec-Susitna lowland. From Kirschner and Lyon (1973).
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Tyonek Formation and the lower part of the Beluga Formation were deposited.
All factors rcelated to ce2l formation, such as plant growth, bLasin subsidence,
sediment supply, compaction, and interaction of the ground-water table, must
have been faveorable at that cime. The upper parc ¢f the Beluga Formation and
the Sterling Formation were deposited during tlie Pliocenc regressive phase.

Exposures of the Kerai Group are confined to the basin vim (foothills of
the Alaska Range) and isolated, usually steep walls of incised and largely
inaccessible stredam canyons in the lowlands. Minor outcrops of Tertiarv rock
also cccur along coastal aress such as Beshta Bay (fig. 16). Tertilary depos-
its are usually overlain by Pleistocene glacial drift or stream alluvium that
veils the underlying material. The contact between Tertiary and Quaternary
deposits is often obscured by deep weathering or buried. Outcrops of coal-
bearing deposits are widely distributed but discontinuous and highly weathered
(sheet 1 and app. A, tables A-1 through A-3); spatial relationships are there-
fore difficult to observe. Without essential subsurface control, horizontal
migration of individual facies cannot be documented,

Logs are available from several oil wells in the southern Susitna lowland
near Cook Inler (Magoon and others, 1976), and, in the centra) Susitna lowland
a Union-Texas Petroleun well (Pure Kalilltna River State |) has been drilled.
Two drill holes penetrate coal-bearing units in the Capps district (Chleborad
and others, 1980, 1982). Core data from several USBM drill holes in the Beluga
field (Warfield, 1962) and the gravity data of Hackett (1977, ovn the scuthern
Susitna Jowland constitute the remaining available subsurface data.

In addition to the Kenai Group, five Tertiary or Cretaceous sedimentary
formaLions crop ovt in the southcastern part of the Susitna lowland (sheet 1;
teble 2). These formations are older than those of the Kenal Group (fig. 17),
except for the Tsadaks Formatlon, which is approximately time equivalent to

Figure 16. Coal-bearing Tertiary
sedimentary rocks (Beluga
Formation) exposed along a
15-km outcrop at Beshta Bay,
Cook Inlet. Photograph by
J.E. Sperber, 1Y8l.




Table 2. Summary of chief characteristics of Terliary and Cretaceous sedimentory rock formations of the Little Susitna
district (southeastern Susitna Lowland) and lower Matanuska Valley (modified from Clardy, 1978).

Formation

Age

Thickness

Litbology

Stratigraphic
relationship

Depositional
environment

Tsadaka

Wishbone

Chickaloon

Arkose

Ridge

Matanuska

the lowest beds of the Kenal Group.
coal-bearing unit in this area.

Oligocene,
time equiva-
lent of low-
est beds of
Kenai Group

Eocene

Paleocene

Paleocene

Early to
Late Creta-
ceous
(Atbian to
Maestrich-
Lian).

Over 150 m in
Tsadaka Canyon

550-600 m

At least 1,600 m
thick in
Matanuska
Valley

Unknown

Over 1,200 m
thick at type
gection in
Matanuska
Valley.

Crudely stratified, massive Overlies Wishbone and

conglomerate; marginal
conglomeratic facies of
Kenai Group

Well-Jithified conglom-
erates, sandstones, and
siltstones

Well-indurated ¢lay-
stones, siltstones,
sandstones, conglom-
erates, coal

Coarse-grained clastics
(arkosic conglomerates,
minor shales)

Siltstones, sandstones,
and cobble conglom-
erates,

Chickaloon Formations
with a gistinct angular
unconformity in lower
Matanuska Valley

Unconformably over-
lies Chickaloon Forma-
Lion in Matanuska
Valley

Conformable with
overlying Wishbone
Formation south of
Willow Creel in
southwestern
Talkeetna Mountains

Nonconformably over-
lies plutonie rocks
along south flank of
Talkeetna Mountains
and overlies Talkeetna
Formation to north-
east

Underlies Terliary
rocks with local dis-
conformity.

West Foreland Formation

Sheet-flood debris
deposited on allu-
vial fans

Fiuvial environ-
ment; alluvial

fans and associated
braided streams,
perhaps meander-
ing stream deposits
in part

Fluvial, braided to
meandering stream
environment in
lower part; fluvial
meandering to
paludal environ-
ment in upper part

Local source,
fanglomerate de-
posit

Marine; sublit-
toral Lo outer
bathyal or abys-
sal deposition by
density currents or
submarine slumps.

The Chickaloon Formation is the only

The West Foreland Formation crops out in the southern fecothills of the
Alaska Range. In the Beluga field, exposures occur northwest of the Lake Clark

and Castle Mountain faults,

In the Capps district, Adkison and others (1975)

measured 630 m of West Foreland Formation strata in exposed sections, The type
section for the West Foreland Formation is a drill hole 60 km south of the
Capps district; at the type locality, the unit is 270 m thick (KRelly, 1963).

The West Foreland Formation i3 the lone representative of the early

Cenozolc tectonic cycle.

Tt was deposited on an erosional surface of Mesozoic

and early Tertiary rocks and is composed of interbedded giltstone, tuffaceous
claystone, graywacke, and poorly sorted polymictic conglomerate with a few

thin lignitic coal beds (Schmoll and others, 1981).

- 24 -



a
AGE 3 e) g Chuitna River a b &
(tn mitlions 'J, = SERIES FLORAL o 5 Susitng basin Cook Inler Matanuska Vallay Matanusks Vallay
of vearsbe- | 3 w STAGE i Capps Glaciar
fore presentl | a o
e M P SR
3
& Sterling Sterling (7)
o equivalent Formation
4 2 Clamgulchian
@
w
=z
5 w
&) e ] Kenal
8 —————— Beluga Formation
r4 a Formation
10 Homeran 5
¥
® I
5
15 3
E Tyonek
—— Seldovian Tyonek equivalant Tyonek
0 N Formastion Formation
z @
g
—22,0— = - =
E saclaka
25 e Hemloek ':%:}mn"
Angoonian . Betl {sisnd sa—
2 equivalent sandstone daka Tsadaifa
H of tocal Form-— Formation
a0 - usage ation
@
o [
Kummerian
35
40 ? Aavenan
m
Q -
o @ [ ——
45 W -
-~ g Fultenian
by woo |
50
Franklinlan West Wishbone Wishbone
Foreland Formation Formation
55 Formation
g Arkose XI
o 1 Ridge .
60 § Unnarned form— Chick- Chickaloon
@ atign sloon Formation
a Farmatian
85

Figure 17. Surface and subsurface Tertiarg stratigraphy of five coal-bearing regions ir southcentral

Alaska.

7

From Wolfe and others (1966)°; Magoon and others (1976) ; Conwell and others (1982)C.




Hemlock Conglomerate

The Hemlock Conglomerate has been mapped northwest of the Castle Mountain
fault (Detterman and others, 1976b); Magoon and others (1976) restrict it to
the southeast side of the Bruin Bay fault. Calderwood and Fackler (1972) found
it in the subsurface in the Beluga area. The unit is predominantly pebbly sand-
stone and conglomerate with minor siltstone. The conglomerate contains white
quartz and black chert clasts (Conwell and others, 1982). Thought to be early
Oligocene and assigned to the Angoonian stage by Wolfe (1977), the Hemlock
Conglomerate forms the basal unit of the late Cenozoic tectonic cycle in the
refined classification of the Kenai Group (Boss and others, 1978; Schmoll and
others, 1981); the unit contains uno significant coal deposits.

Tyonek Formation

The type section for the Tyonek Formation (Calderwood and Fackler, 1972;
Sanders, 1981) is in the Pan American Petroleum Corporation Tyonek State 2
well which penetrated 2,272 m of Tyonek Formation and intersected 42 signifi-
cantly thick coal beds (fig. 18). Adkison and others (1975) described expos-
ures of the lower Tyonek Formation south of Capps Glacler, including the Capps
and Waterfall coal beds (figs. 19 and 20), and assigned coal-bearing exposures
along the Chuitna River to the upper part of the Tyonek Formation. The forma-
tior underlies most of the Beluga field southeast of the Lake Clark and Castle
Mountain faults. QOutcrops around Capps Glacier and along the Chuitna River
serve as the type section for the Seldovian Stage (Wolfe and others, 1966;
Wolfe, 1977).

The Tyonrek Formation 1s generally finer grained than the West Foreland
Formation and Hemlock Conglomerate. The unit contains the thickest coal beds
of the Kenail Group. Other lithologies present are massively bedded sandstone,
siltstone, claystone, and conglomerate. Adkison and others (1975) divided the
Tyonek Formation in the Chuiltna district into a basal conglomerate, the Middle
Ground Shoals Member, and a finer grained upper coal-bearing unit, the Chuitna
Member, which corresponds to the upper part of the lower Kenai Formation of
Barnes (1966). In the Pan American Petroleum Chuitna River State 1 well, the
Middle Ground Shoals Member occuples the interval from 562 to 1,8%4 m (Ramsey,
1981b). Adkison and others (1975) noted the absence of the Hemlock Conglom-
erate and the West Foreland Formation in the Pan American well, and stated
that the Middle Ground Shoals Member rested on the Chickaloon Formation,

The Chuitna Member of the Tyonek Formation crops out in Chuitna River
Canyon (fig. 21) and correlates with the Kenai Formation of Barnes (1966).
The Chuitna Member comprises about the upper 565 m in the Pan American well.
The stratigraphically highest coal bed in the well, the Brown Seam (Ramsey,
1981b), probably corresponds to the Chuitna bed of Barmes (1966) and is
underlain by five other beds (from highest to lowest): the Yellow, Green,
Blue, Orange, and Red seams.

Reed and Nelson (1980) divided the Tyouek Formation in the Talkeetna
Quadrangle into the Sandstone and Conglomerate Members. The Sandstone Member
elither is conformable with or interfingers with the underlying Conglomerate
Member. The Tyonek Formation is separated from Mesozoic rocks by an angular
unconformity, The Sterling Formation, stratigraphically the highest unit of

- 26 -



BELUGA
FORMATION

TYONEK -4300 _3
FORMATION (
4500 — g a2
5000 — : g
= 1N 5420
5500 —
T - L3N 5T
6000 — L
6300 —

Figure 18. Lithologic and geophysical logs of the type section of the Tyonek
Formation (Pan American Petroleum Corporation Tyonek State 2 well east
of Granite Point, Cook Inlet). TFrom Caldexrwood and Fackler (1972).
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the Kenai Group, unconformably overlies the Tyonek Formation, as suggested by
the presence within it of coal fragments derived from the Tyonek Formation.
The beds of the Sandstone and Conglomerate Members consistently dip gencly or
moderately to the southeast,

The Sandstone Member 1s dominantly (to 80 percent) sandstone, typlcally
medium to coarse gralned, pebbly, and poorly indurated. Reed and Nelson (1980)
reported sandstone beds as thick as 60 m at Fairview Mountain. Mineralogical-
ly, the sandstone 3is composed of about 75-85 percent chert and quartz grains,
10-20 percent feldspar, and about 5 percent mafic grains (blotite, hornblende,
clinozoisite, and chlorite)., Interbedded siltstone and claystone make up 20
percent of the Sandstone Membevr and are commonly light to medium gray, rooted,
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Figure 20. Generallzed cross section of the Beluga coalfield in the
Capps district showing thicknesses of the Capps and Waterfall
beds, including overburden and interburden zones. Modified
from Conwell (1977b).

and locally include coal stringers; they attain tliicknesses to 50 m. Conglom-
evate, coal, and volcanic ash compose <l percent of the Sandstone Member. The
conglamerate occurs in beds to 5 m chlck, wich incorporated clasts that range
to 10 cm diam, but average 2-6 cm diam. The coals occur within fining-upward
(conglomerate-sandstone-siltstone-claystone-coal) cyclic sequences, often in-
clude carbonaceous shale or bone partings, and average <] m thick; however,
they actain thicknesses of 3 m within the Sandstone Member.

Volcanic-ash partings within the coal beds may be as thick as 30 cm and
consgist of partially devitvified glass shards that have altered to illite(?),
with <0.5 percent biotite (Reed and Nelson, 1980). These ash partings often
contain fossil roots and Indicate that volcanic actilvity was contemporaneous
with coal and sediment deposition.

The Conglomerate Member i1s generally light brown to blue gray, massively
bedded, poorly indurated, and consists of 40 percent conglomerate, 20 percent
sandstone, and <40 percent siltstone, claystone, and coal. Clasts of the pet-
romictic conglomerate ranged to 15 cm diam but averaged 5-10 c¢m diam. Propor-
tions of different lithologies vary; quartz and chert clasts are most abundant
at Nakochna River; igneous-rock clasts predominate at Fairview Mountain. To
the northeast from Nakochna River, shale and graywacke clasts increase propor-
tionately to over 90 percent at Ruth Glacier. Grain sizes (n the sedimentary
rocks grade upward (coarse to [ine) in cyclic units from conglomerate to sand-
stone, sandy siltstone, silty claystone, and coal. Sandstone lenses are also
poorly indurated and typically coarse-grained and pebbly. Coal beds of the
Conglomerate Member average 0.6-3.0 m in thickness; four ccal beds (<2.2 m
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Figure 2l. Outcrop of the Chuitna bed (Barnes, 1966; 'Brown Seam'
of Ramsey, 1981b) along the Chuiltna River (Tyonek Tormation,
Beluga coalfield). Photograph by J. E. Sperber, 198].

thick each) are well exposed at Fairview Mountain (fig. 22); one thick (4.5 m
exposed) coal bed crops out along Camp Creek. These subbituminous coals are
black te brownish black with a dull luster and usually contain claystone, car-
bonaceous shale, or bone-coal partings. Occurrences of coal within the Fair-—
view Mountain region were first described by Capps (1913). Wolfe and octhers
(1966) determined that an outcrop at Chicago Gulch was Seldovian (lower to
middle Miocene).

The Tyonek Formation is late Oligocene to middle Miocene. Triplehorn and
others (1977) obtained an age of 15.8 Ma from a volcanic-ash parting in a coal
bed of the upper Seldovian section of the Tyonek Formation along the Chuitna
River. Time-stratigraphic markers, such »as volcanic-ash pavtings, are rare in
the Susitna lowland. The geochemistry of an ash parting from the Capps bed
(fig. 23) is consistent with its interpreted origin as an air-fall cuff
(Spears and Kanavis-Sotiriou, 1979).

Rocks of the Tyoneik Formation are wmostrly products of channel and flood-
plain sedimentation. Somc coarse-grained components indicate a near-source
lithotype. Lacustrine deposits also occur locally.

The Tyonek Formation contains most of the coal resources of the Susitna
lowland. 7The formation is widely distributed ovexr the region, and its coals
are generally cthicker, more laterally concinuous, and of better quality (lower
ash contents and higher heating values) than those of the Beluga and Sterling
Formations.



Figure 22. Fairview Mountain coal beds (€ through F) of the Conglomerate
Menber ol the Tyonek Formation, northwest Susitna lowland. FPhotograph
by J.E. Sperber, 198].

Beluga FormatLaon

The Beluga Formation crops out along the lower Beluga and Chuitna Rivers
and along Beshta Lay east of Cranite Point (sheet 1). Total thickness of the
Beluga Formation cannot be determined from outcrops, but it is move than 1,200
m chick in the type section, a well near Beluga (Schmoll and others, 1981).
The coal sequence within the formation dips eastward beneath Cook lnlet and
extends into the subsuriace of the Kenai Peningula (Sandcrs, 1981). The form-
ation consists of thin-bedded sandstones, claystones, and local lignitic coals
with bentonitic claystone interbeds; near basin margins, the formation grades
into predominantly sandy siltstores, claystones, and bony coals. The unit is
late Miocene and is assigrned to the Homerxian Stage and lower part of the
Clamgulichian Stage (welfe, 1966).

The large proportion of graywacke and greenstone lithie ftragments in
pebbly sandstone and conglomerate beds of the Beluga Formatiorn sugpests that
these uediments may have becn shed from the gcouth and easmt during uplift of
the Chugach Range; a sccondary source area may be the Alaska Range to the
nortli. 7The sediments were probably deposited as ceoalescing alluvial fans on
fluvial pluains (Cluvrdy, 1978) f{rom source areas of moderate to low relief.
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Figure 23. Volcanic-ash
partings in the Capps
hed cf the Tyonek
Formation, Beluga
coualfield. Photo
by J.E. Sperber,
1981.

In the Sngitna lowland, the Beluga Tormation covers a much smaller area
awd contains considerably less coal than the Tyonek Formation; additiunally,
the quality ol Beluga lormation coals is considerably lower.

Sterling Formation

Sterling lMormation strata were mapped by Reed and Nelson (1980) in the
norchern Yentna basin (sheer |). At Fairview Mountain, the unit is 770 m
thick. In the Beluga well, the unit overlies the Beluga Formation and, with
Quaternavy deposits, makes up the upper 1,J00 m of strata (Kelly, 1963). In
the Yentna basin, the Sterling Formation is a predominantly sandy, loosely
consolidated unit with minor claystone and a few relatively thin (2-m-thick)
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lignitic coals. Reed and Nelson (1980) described it as anm orange to iight-
gray massive conglomerate with coarse-grained clastics. Clast diameters
range to 30 cm but average 5-10 cm diam. Induratifon is typieally poor to
moderate with a c¢lay or iror cxide (ferruginous) matrix. Clast lithologiles
are the same as in the Tyonek Formation (quartz, chert, shale, graywacke,
and igneous rocks) but occur in different proporticns.

The Sterling Formation is late Miccene and Pliocene and falls within the
Clamgulchian Stage of Wolfe (1966). Triplehorn and others (1977) obtained
R-Ar ages ranging from 6 to 11 Ma from volcanic-ash partings within coal beds
of the Sterling Formation on the Kenai Peninsula. Sterling Formation deposits
avre probably characteristic of braided streams that drained a tectonically
active arca (Clardy, 1978). Near basin margins, the formation becomes con-
glomeratic, inddecating a high-energy environment, near the source. Epidote
dominates the heavy-mineral suite (Kirschmer and Lyon, 1973). An indication
of provenance i1s the cast-to-southeast current directions displaved in cross-
bedded sandstone lenses.

Coal depesits of the Sterling Formation are of minor significance com-
pared with those of the Tyorek Formation. In the Susitna lowland, Sterling
Formation coals of the northern Yentna basin are discontinuous and generally
of low quality,

PALEOBOTANY AND PALYNOLOGY

The ages of Tertiary coal-bearinpg stratigraphic unite in southcentral
Alaska were established by the paleobotanical and palynological work of Wolfe
and others (1966) who proposed three new provincial chronostratigraphic units:
the Seldovian, Homerian, and Clamgulchian Stages. Plant megafossils and micro-
fossils (spores and pollens) were the criteria for age assignments {(fig. 24).
No megafossil or microfossil plants of Clamgulchian age have been found in the
Susitna lowland. Adkison and others (1975) measured numerous sections on the
south side of Capps Glacier and at two localities along the Chuitna River, and
provided detailed lithologic descriptions and lists ol identified palynomorph
assemblages.

From his study of leaf floras cf southwestern British Columbia and other
parts of northwestern North America, Wolfe (1978) concluded that middle Eocene
time was characterized by widespread equable climates. The warm and temperate
broadlesf forests were no longer dominant after middle Miocene time, and cool
temperate floral familiers such as Brtulaceae (birch) proliferated (Wolfe, 1972,
1977; Uolfe and others, 1980).

Willisms and Ross (1979) also postulated « period of widespread equable
climates in their study of Eocene coal-bearing strata in the Tulameen coal-
field of southcentral British Columbia. This type of climate is inferred in
most Tertiary models (Kirschuer and Lyon, 1973) and likely was characteristic
of the period auring deposition of the coal-bearing Tyonek Formation in the
Kenai Group. The relatively lush plant growth of a lowland-plain paleocenvi-
ronment would account for formation cof the thick peats and (ultimately)} thick
coals of the Tyonek Formation,
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Figure 24. Seldovian and Homerian Stage fossil localities in the Susitna
lowland. Modified from Wolfe and others (19646).



PETROGRAPHY OF TYONLK FORMATTON ROCKS

Sandstones

Q_o_nzposition

Sandstones of the Tyonek Formatilorn examined during this scudy (sample
locations on pl, 1; descriptions in app. C) were predominantly medium grained
and vavied from gray to brown, locally slightly tinted green or blue. Graded
bedding was common, ard fining-upward sequences were trausitional from coarse-~
grained sandstone at the hase to fine-grained sandstone and siltstone upsection.
Sandstenes consisted predominantly of quartz and rock fragments in an argilla-
ceous matrix or cemented by silica. Feldspar, mica, and heavy minerals were
minor accessory components.

Quartz grains ranged from silt to pebble size. Plutonic (with vacuoles)
exhibiting strain shadows and veiln quartz exhibiting slight to strong undula-
tory extinction were most abundant. Minor quartz probably originated from
metamorphic rocks; a few polycrystalline or mosalc grains were also observed.

Rock fragments were usually not abundant (<5 perceunt), but cccasionally
ranged to 25 percent; one sample of coarse-grained sandstone consisted of over
50 percert lithic components. Most fragments were of sedimentary origin with
secondary metamorphic types. Shale fragments (carbonaceous or bituminous) and
disseminated and finely divided coal detritus were common. Other sedimentary
components included chert and cherty sandstone, argillaceous sandstone, and
argillite (sometimes silicified). Metamorphic fragments included quartzite,
slate, chlorite, and muscovite.

Feldspar, predominantly plagioclase, typically constituted <3 percent; 1t
occurred in twinred (albite and Carlsbad) and untwinned varieties. Microcline
ocecurred in a few samples. Almost all feldspar grains were highly altered to
sericite, chlorite, or other clays; some had limonite rims. Relatively fresh
feldspar grains of pyroclastic origin(?) were not observed in the sandstone.

Biotite, the most abundant mica (27 percent), was usually deformed by
compaction and often altered to kaolinite clay, Sericite mixed with chlorite,
prochlorite, and clay typically constituted <2 percent, muscovite <l percent.

Opaque and heavy minerals were estimated at <5 percent in modal analyses
but occasionally ranged to 15 percent, The heavy minerals usually occurred
as isolated grains but iu some samples were concentrated in defined laminae;
among those identified were tourmaline, apatite, rutile, zircon, garnet, epi-
dote (the latter S1 percent), clinozoisite (S5 percent), and hornblende,
Typically, 10-5C percent of the heavy-mineral fraction was opaque.

Most sandstone examined had siiiceous or argillaceous matrix. Often
silica and clay wveve mixed. Cryptocrystalline silica was a common matrix
material (including void-filliing chalcedony) and was the cement in most
samples; ferruginous and sometimes silty clays were also common cements.
Illite and kaolinite wevre most abundant, usuvally stained by iron oxides
and hydroxides and mixed with sericite, chlorite, and chlorophaeite. A
small proportion of the clay minerals were authigenic. TIr finer grained
sandstones, clay constituted 20-30 percent of the matrix.
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Clasgsification
Lithic ox sublithic arenite and graywacke were the predominant sand-
stone types. Protoquartzites or orthoquartzites were not present in the

Tyonek Formation samples analyzed.

Roundness, sorting, and textural maturity

Most quartz grains were subangular to subrounded. A few well-rounded
grains were undoubtedly recycled and some showed abraded overgrowLhs. Some
clay~coated grains also occurred, either recycled or with the coat formed
authigenically by alteration. Chert clasts were typically more angular than
quartz, especially in the coarser grained sandstone. Sorting was generally
poor to moderate, end mos8t sandstone was submature to immature.

Claystone

Claystone is common iu the coal-bearing strata of the Tyonek Formation
in the Susitna lowland, It may be silty or sandy locally and 1s often car-
bonaceous (with shreds of organic matrer, coaly streaks, and carbonized plant
fragments) or ferruginous (with 1ron oxide and hydroxide mottles, irregular
patches, encrustations, rims, and fracture coats) and contains highly alcered
slate, quartzite, and graphitic or phyllitic schist fragments. It Is crypto-
crystallire, with included flakes typically oriented parallel to the bedding
planes; it may have discontinuous, very fine laminae. Some samples were banded
with light and dark lenses of finer and coarser grained matevial. The lighter
lamellae were siltier and contained significantly more quartz than the darker
lamellae of clay. Underclays commonly contained fossil roots, and sometimes
regular black cryptogranular spheres that may be pollen grains., Claystone
color ranged through shades of gray and brown, sometimes with tints of red,
yellow, and green. Root casts werc sometimes observed, and shrinkage cracks
also occurred in some samples.

X-ray diff{raction c¢f claystone samples revealed that 1llite-kaolinite
asgociationg ave most ccmmon, with secondary abundances of mixed—~layer min-
erals such as chlorite and montmorillonite, Mixed-layer minerals and illite
compete for the same sites, causing iJlite peaks to appear fairly broad and
asymmetric on diffractogramsa., The illite may also be poorly ordered because
of eurficial weathering. Chlorite, clinochlore, and sericite occur as alter-
ation products of hornblende or other ferromagnesian silicates and are inter~-
mixed with other clays. In the samples, kzolinite exhibited generally lower
birefringence than did {1lite and sericite.

Cryptocrystalline quartz occurred ir most thin sections of claystone as
scattered minute fragments, small and irvegular silicic veins and veinlets,
and cavity fillings; chalcedony and copal were common. Quartz constitured <10
pervcent in most modal analyses but was usually the second main constituent.

Minor or accessory minerals and inclusions occurred in the claystone in
numerous forms; carbonaceous (organic) matter was <7 percent on a modal basis.
Opaque minerals were usually <5 percent. Bilocite was the predominant mica
(<5 percent) with minor muscovite (<1 percent), both highly altered; clinozo-
isite (often 2-7 percent) was more abundant than epidote (usually <l percent).



Other occurrences included anatase, garnet, spinel, tourmaline, laumontite
(zeolite in slate and schist fragments), and antigorite, Calcite, dolomite,
siderite, and pyrite were extremely rare in these fine-textured sedimeunts,

Carbonaceous sheaele

Carbonaceous shale is rare in coal-bearing strata of the Tyonek Formation
in the Susitna lowland, typically occurring in very thin (<0.5 m) beds of red-
dish to dark brown or black undifferentiated clay and fine silt next to coal
seams. Irregular, silicic veinlets and cavity £illings of cryptocrystalline
_quartz transected cartonaceous fragments. Minor accessory minerals included
iron oxides and hydroxides, clinozoisite, epldote, sericite (minute shreds),
muscovite, cryptogranular chlorite, feldspar (altering to clinozoisite),
anatase, and tourmaline,

Carbonate content and concretions

The carbonate content of Tyonek Formation rocks studied was very low.
Siderite concretions and differentially calcium-carbonate-cemented sandstone
lenses occurred locally in coal-bearing sections. Microscopically, the rocks
included a mixture of very fine-grained calcite and siderite with argillaceous
matter and silt-sized to fine sand-sized quartz. The lenses and concretions
occurred in sections near Capps, Wolverine, and Saturday Crecks, The differ-
entially cemented lenses were most abundant in sandstone, whereas the siderite
concretions occurred mainly in silty shale. Some concretions had weathering
rinds of limonice or hematite,

Tonsteins

Several tonsteins have been identified as thin claystone partings in
coal seams of the Tyonek Formation. Ovoids of relatively clear kaolinite
are definitive of graupen tonsteins. The major-oxide geochemistry for two
tonsteins (table 3) was generally consistent with an air-fall~cuff origin,
X-ray diffraction of one tonstein (fig. 25) showed the chief constituent
to be kaolinite; the samples contained little quartz. The high phosphate

Table 3. Major-oxide geochemistry of two coal ton-
steins from the Susitna Lowland.

Sample Samplc
Oxide CnC7-12 CG4-6
Si0gy 26.37 40.63
AlgOg 24.02 31.31
TFesO3 1.22 0.42
MnO 0.00 0.01
MgO 0.15 0.09
CaO 3.28 0.62
NagO 0.00 0.13
K90 0.39 0.20
TiOg 0.61 1.87
P9Os 8.64 0.13
LOI1? 20.94 20,00
H90- 88.86 96.43

41,055 on Ignition.
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content iu sample CnC7-12 was tentatively identified by X-ray diffraction as
goyazite [SrAls(POy),: (OH)5*H,0) or gorceixite (BaAlg(PO,),+(0H);1], members
of an isostructural group of rhombehedral phosphates of the plumbogummite fam~
ily (Price and Duff, 1969). A definltive identification of a specific hydrated
aluminum phosphate was not made because other minerals of the series had simi-
lar 2 9 angles and peak intensities. Relatively high titanium (particularly
noticeable in sample CG4-6) probably occurs as anatase, which was identified
petrographically.

The tonstein samples CG4-6 and CnC7-12 exhibited the textures and general
features of 2 palagonite tuff or recrystallized baked clay. Angular fragments
{sometimes shards) of red and black devitrified (to various stages) volcanic
glass were present, Kaolinite was often intermixed with iron oxides and hydrox-
ides (goethite, limonite, and hematite) and showed parallel orientation with
aggregate polarization. Chlorite and cryptogranular alteratioon products were
concentrated along silicic (chalcedonic) veinlets; clinozoisite, epidote, and
sericite also occurred as olterations.

Baked rocks

Several thermally altered rocks were also examined petrographically. The
rocks were baked or burned by the natural combustion of adjacent coal beds or
by an intruding dike or vnderlying sill. The degree of alteration is directly
proportional to the rock's distance from the burning seam or ignecus intrusionm,
A contact aureole caused by metamorphism is formed around the burned zone or
intrusion. Ultimate products of the two procegses (natural baking vs. contact
metamorphism) are very similar and may be difficult to distinguish in a local
area, particularly if a coal seam has burned underground.

A series of Laked rocks (samples CnC3~1 through CnC3-5, table 4) was sam-
pled at an upper Canyon Creek locality of the western Susitna lowland (fig. 26).

Table 4. Major-oxide geochemistry of a gradalional series of baked rochs from an upper Canyon Creek locality.

Major Sample
oxide cnC3-12 Cn(3:2Y Cn(3-3¢ CnC3-49 CnC3-5¢
Si09 49.32 89.60 49,03 46.06 67.56
AlpOg3 20.26 18.22 36.50 34.96 16,06
FesO3 1.93 1.02 2.17 4.36 4.20
MnO 0.01 0.01 0.02 0.15 0.07
MgO 0.21 0.04 0.25 0.56 0.20
CaO 0.70 0.55 1.00 2.34 0.47
Nas0 0.22 0.24 0.26 0.66 4.71
K90 0.46 0.48 0.56 1.12 3.50
TiOy 0.62 0.96 0.67 0.74 0.41
P205 0.18 0.17 0.27 0.44 0.14
LOI 9.97 3.88 291 2.65 1.07
Ho0 6.37 2.54 2.44 2.25 0.68
Total 96.25 97.71 96.08 96.29 97.97

. Shale, ecarbonaceous, relatively unaltered

- Light-gvay baked claystone with abundant plant fossils
€. Beige baked claystone
d. Pink to light-red scoriaceous clinker, abundant hematite
€. Dark-red Lo maroon burn, high hematite,
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Figure 26. Gradational zones of burn material in a coal-bearing section
ol the Tyonek Formation, upper Canvon Creek, southwest Yentna basin.
'hotograph by J.E. Sperber, 1981,

Althoupgh these rocks may have been altered by an underlying late Tertiary dike
or gill, they were probably baked by the burning of an adjacent underpround
coal seam. Table 4 shows the geochemical changes that occur in baking: (1) a
gencral increase in total iron as FeyUs; (2) an increase in Nap0 and K,0; and
(3) an expected decrease in Hy0 and LOL. No trends were noted in other major
oxides.

The baked claystones had a very tine grained matrix that extinguished in
two principal directions. Pores, voids, and veinlets were commonly filled
with cryptocrystalline quartz. Tdentilication of individual minerals became
more diflicult with increased alteration, because the minerals had recrystal-
lized and showed indefinite boundaries, with flow banding and glass sometimes
obsgervable in thin secction.
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DEPOSITIONAL ENVIRONMENTS OF KENAJ GROUP COALS

Source areas adjacent to basins of the Susitna lowland were rejuvenated
during Late Cretaccous and early Tertiary time, Pericdic or gradual vplift
converted basiral flood plains into coal-forming environments by late Oligo-
cene to middle Miocene time, when the Tyonek Formation was deposited. Vegetal
and woody materials accumulated, and peat formed in these stagnanc deposition-
al areas. The ground-water table gradually rose, and the sediment supply was
restyicted, which also promoted peat formation,

Subsidence rates varied from area to area; gradual suhsidence with peri-
odic stillstands resulted in formation of coal swamps in paleotopographically
low areas between flood events. At any one time, peat or coal would have been
forming in relatively small areas of the reglon, as evidenced by the lack of
extensive lateral continuity of the seams. Coal-seam partings also reveal
nonuniform conditions over the Susitna lowland and indicate lateral shifting
of swamps and other subenvironments.

Tertiary coal-bearing strata of the Kenal Group in the Susitna lowland
have characteristics common to many continental fluvial wodels (see pl. 2).
These predictive paleoenvironmental models are useful as exploration tools
(for example, lorne and others, 1978) to indicate drill spacing during design
of drilling programs. As channels and basin margins are approached, a closer
spacing is required to delineate seam vagaries (Howell and Ferm, 1980). The
thickest seams in a particular depositional basin usually oceur next to depo-
centers and thin toward the periphery. Thicker coals within the continental
fluvial system tend to parallel the depositional dip (Ryer, 1981). Paleoen-
vironmental models are useful as well in assessing coal quality and overburden
characteristics during mine planning and in predicting geologic, geochemical
(including hydrogeochemical), and environmental problems during mining and
reclamation.

Fluvial depositional environments and subenvironments (natural levees,
point bars, lakes, lacustrine deltas, abandoned-channel €f1lls, crevasse splays
and backswamps) influenced coal-seam and overburden characteristics of this
regime (figs. 27 and 28; table 5). Backswamp deposits ideally consist of basal
seatrock (often underclay), coal, and overlying carbonaceous shale. Discon-
tinuities or gplits in coal seams often represent ancient levee deposits of
active channels, including crevasse splays, and local, pod-shaped coal bodies
commonly vepresent accumulations of organic materiazl next to meander chanmels
of lushly vegetated ancient flood plains. Rapid sedimentation during floods
buried this vegetation and frequently preserved upright stumps oxr kettles
(Horne and others, 1978; fig. 29).

Dickingon and Camphbell (1978) pointed to certain depositional environ-
ments for Tertiary Kena: Group sedimentary rocks In the Peters Hills and Fair-
view Mountain areas (most likely Tyonek Formation) of the Susitna lowland and
concluded that some of these conglomerates and sandstones indicate near—-source
deposition in mudflows and proximal braided-stream systems on alluvial fans,
whereas other conglomerates and sandstones of this region are characteristic
of distal braided-channel and flood-plain deposits. They reported that these
rocks are typically arkosic, oxidized at the surface, and composed mainly of
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temporaneous with or postdate peat accumulation. A small paleochannel in a
sectien of the Tyonek Formation near the western margin of the Susitna lowland
has eroded much of a Saturday Creek coal seam.

Mest stratigraphic sequences within the Tyonek Formation of the Kenai
Group display a fining~upward character. Although at some locales the forma-
tion displays cyclic characteristics, these are not classic cyclothems. A
typical full cyclic sequence includes (from bottom to top) conglomerate, often
an immature petromictic conglomerate; pebbly, very coarse grained sandstone;
medium- to coarse-grained sandstone; fine~grained sandstone; fine-grained
sandstone interbedded with shale and siltstone; underclay, carbonaceocus shale,
or siltstone; and coal. A complete cycle is extremely rare because of erosion
and cruncation. TFull sequences are predicted to occur rearer the depositing
chanrel (Duff and others, 1967).

Table 5. Criteria for recognition of fluvial depositional environmenls
(from Horne and others, 1978).

Characteristic Frequency

Coarsening upward

Shale and siltstone sequences Cominon to rare
Greater than 50 (t Not present
5to 25 it Common to rare

Sandstone sequences Rare to absent
Greater than 50 ft Absent
5to 25 fiL Rare

Channel deposils

Fine-grained abandoned (Gl Rare
Clay and silt *

Organic debvis »

Active sandstone fill Abundant
Tine grained Common
Medium and coarse grained Abundani
Pebhle lags »

Coal spar "
Contacts
Abrupt (scour) v
Gradational Common to rare
Cross-beds Abundant

Ripples Common

Ripple drifl Abundant to common

Herringbone [estoon Abundant

Graded beds Rare

Point bar acevetions Abundant

[rregular bedding N
Levee deposits "
Mineralogy of sandstones

Lithic graywaceke »

Ortlioquartzites Absent
Fossils
Marine "
Brackish Rare
Fresh Common to rare
Burrow structures Rare

- 43 -



Figure 29. In-place, upright
tree stump in woody coal
(Beluga TFormation) along
the Beluga River, southern
Susitna lowland. Photo by
J.G. Clough, 1981,

These cycles result from shifts of channel and sediment deposition across
an alluvial plain. The coarser basal units represent lateral-accretion depos-
its and are commonly crocshedded. The upper, finer grained, units represent
overbank and lake or swamp deposits. As proposed, the flow-regime intensity
progressively decreases upward in the section.

Cyclicity in the Susitna lowland was bhcst preserved at Falrview Mountain
(sheets | and 2; app. C). A statistical Markov-chain analysis was applied to
the sequence based on the repetitiun of the five major rock types (conglomer-
ate, sandstone, shale, claystone, and coal). The analysis followed the pro-
cedure outlined by Gingerich (19€9) for Paleocene fluvial sedimentary rocks in
the northern Bighorn basin of Wyoming. Calculations related to the analysis
of the Fairview Mountain section are included as appendix D, With x? = 35.9
and 15 degrees of freedom, it is highly improbable that the Fairview Mountain
sequence was deposited by an independent or non-Markovian mechanism; evidence
indicates cyclic sedimentation in an alluvial environment (fig. 31).

These cycles indicate quiescent periods (tectonic lulls) during the
Tertiary Period when large areas of basin flood plains became coal-forming
swamps. These tectonic lulls were iIntervupted by periods of uplift and rela-
tively rapid basin subsidence accompanied by the influx of clastic materials.
In general, the Tertiary Period was a time of widespread but discontinuous
coal formation in the Susitna lowland. Conditions conducive for coal forma-
tion were most favorable during late Oligocene to middle Miocene time, when
the Tyonek Formation was deposited.
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Various workers have related the paleosalinity of strata to paleoenviron-
mental interpretation; for example, to decipher marine transgressions and re-
gressions. Couch (1971) calculated paleosalinities from boron and clay-mineral
data. Bohor and Gluskoter (1973) used boron in illite as an indicator of paleo-
salinity in Illinoils coals; Berner and others (1979) used authigenic iron
sulfides,

Using exchangeable cations and water-soluble cations as paleosalinity
indicators, Spears (1973; 1974) found that the concentration of exchangeable
magneslium is higher in marine shales, and the concentrations of exchangeable
calcium, sodium, and potassium lower, than in nonmarine and brackish shales;
he correlated the changes in exchangeable cations to paleosalinity throughout
the sequence and postulated that these changes more likely occurred during
halmyrolysis (submarine weathering) than during diagenesis (1973, p. 79, 81).
He proposed (1974) that high concentrations of water-soluble calcium and mag-
nesium cations reflect marine-influenced environments, whereas low concentra-
tions are diagnostic of freshwater and brackish-water paleoenvironments;
sodium and potassium have reverse trends.

Figure 32 shows considerable variation in the ammonium acetate extractable
cations and total catlon-exchange capacity (CEC) for a coal-bearing section in
the Tyonek Formation near Peters Hills. Increases in extractable Mg++, Ca++,
and K+ are mirrored by an increase in total CEC. Spears (1973) found a corres-—
ponding decrease iIn total CEC with increasing exchangeable magnesium. Changes
in CEC are also directly related to changes in mineralogy; in this example, a
reduction in CEC simply reflects a decrease in the asmount of clay amnd 1s proba-
bly related to provenance. The Peters Hills section was probably deposited in
continental fluvial environments, and the variations are therefore not related
to transitions with marine environments.
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COAL PETROLOGY
Coal-pellet preparation and petrologic analysis

The procedures of the International Committee on Coal Petrolagy (1963)
and the terminology for brown coal from Stach and others (1975) were adopted
for this petrologic analysis of Susitna lowland coals (table 6). A 50-g
sample of each coul (-20 mesh) was kneaded with epoxy resin as a binder and
briquetted in 3,2-cm-diam molds with a hydraulie press at 4,000-5,000 psi,

The pellets were consecutively ground using a Buehler automet, a 120-p diamond
lap, and a 20-p metal-bonded diamond lap, and then polished in 1- and 0,05-y
aluminum oxide suspensions (2 min each stage).

A Swift point counter was used to quantitatively determine macerals. On
each pellet, 1,000 counts were made along a grid traverse, The maceral content
was recorded on a volume-percent and mineral-matter-free basis. No separate
count was made for liptinite macerals and fluorescent huminites under fluores-
cent incident~light excitation; however, liptinites were studied under blue
ultraviolet light, and representative photomicrographs of the different types
were taken. The {luorescence system consisted oi a Leitz SmLux microscope
with a Ploempak fluorescence incident-light illuminator and 100-W mercury lamp
fitted with an I2 cube (Rao and Wolff, 1981),

Reflectance measurements were made on a Leitz Ortholux triocular-body
microscope equipped with an MPV-3 system with a motorized drive stage. A
square~lecat diaphragm with a 5-u2 measdring area on the specimen was used.

In addition, an intericrence filter was fitted to give a peak transmittance at
546-nm wavelength. Bausch and Lomb optical glasses were used as reflectance
standards. The mean maximum reflectance of ulminite particles was measured in
01l along equally spaced traverses; 100 measurements were made on each sample.
Before reflectance measurements were taken, polished pellets were dried in &
desiccator (Rao and Wolff, 1981),

Maceral composition

Macerals, the organic constituents of coal--snalogous to minerals in
rocks-—are didentified by their disgnostic morphology and reflectance; however,
the respective maceral composition of a coal gives only part of an overall
picture, because of complex chemical composition and mineral-matter content.
Structurally intact cell walls and relatively unsrructured fine, granular mat-
erials (for example, mineral matter, fragmented charcoal, and fungal remains)
sometimes occur. Although the maceral compositions usually reflect changes in
the primary vegetation cover, thermal effects may remove less resistant macer-
als such as exinoids from the assemhlage. The materials forming peats are
subjected to different conditions before burial beneath a sediment cover. The
changes that occur in the eventual maceral compositions ultimately determine
the coal's quality and heating value.

Maceral compositions for Susitna lowland coal samples analyzed in this
study are summarized in table 7 and on figure 33. Raw coals from different
areas within the Susitna lowland have similar maceval-group proportions.
However, the relative contents of individual macerals and maceral types may
vary considerably within a seam and among different seams, as shown in photo-

micrographs of coals from the region (figs. 34 and 35).
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Table 7. Summary of macera! composition of 180 Hominite

coal samples from the Susiina Lowland, (Reported on

a volume-percent, moisture- and ash-free basis.)

Range (%) Mean (%)

Ulminite 15.8- 99.0 65,0
Porigelinite 0.0- 354 9.0
Phlobaphinite 0.0- 18.2 2.7
Pseudophlobaphinite 0.0- 21.6 3.9
Humodetrinite 0.2- 63.2 15.7

Total huminite 76.6-100.0
Fusinite 0.0- 9.6 0.6
Semifusinite 0.0- 5.2 0.3
Sclerotinite 00- 14 0.1
Maetinite 0.0- 20 0.9
Inertodetrinite 0.0- 5.2 0.2

Total inertinite 0.0- 18.6

tnertinite 76 50 25 Liptinite

Cutinite 0.0- 34 0.4
Sporinite 00- 56 0.4
Resinite 0.0- 9.2 1.0 Figure 33. Ternary diagram for
Suberinite 0.0- 3.8 0.5 maceral-group compositions
Alginite 0.0- 20 0.03 £ s it lowland 1

Total liptinite 0.0- 11.8 of ousitna lowland coa

samples.

Huminite macerals were by far the most abundant in coals of the Susitna
lowland; the huminite group typically accounted for 90 percent, and never <75
percent, of all macerals (see table 7). Ulminite, the main huminite to occur,
was medium to light gray, generally uniform in structure and reflectance, and
sometimes displayed desiccation cracks or microfractures. Texto-ulminite was
partially gelified, and eu-ulminite was completely gelified. Corpohuminites
occurred as phlobaphinite (primary cell intfillings) and pseudophlobaphinite
(secondary cell infillings). Pseudovitrinite was extremely rare and was not
identified. According to Rao and Wolff (1981), humodetrinite content (finely
dispersed humic debris) is most abundant in the top seam of a coal-bearing
sequence. They postulated that the changing paleoenvironmental regime caused
physical degradation of humic matter and ended conditions conducive to coal
formation, This trend was not well established in most Susitna lowland
coal-bearing sequences but was observed in some coal-bearing gections.

Mean-maximum-reflectance values for all cocals as measured from ulminite
macerals are listed in appendix B, table B-3, compared by respective ASTM
(American Society of Testing and Materials) rank 1in table B-4, and summarized
in figure 36. Reflectance values ranged from 0,23 to 0.45 percent, which
confirms that most coals are subbituminous to lignitic. Little variation
occurred in the reflectance values within a seam or among seams.

Inertinites commonly occurred as wminor comstituents in Susitna lowland
coals. However, several seams, particularly those in the northern Yentna
coalfield at Falrview Mountain and in the Peters Hills area, yielded samples
with inertinitic contents of more than 18 percent by volume on a mineral-
matter-free basls (see table 7). These inertinites were typically white or
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very light gray and bright in normal incident light and exhibited the highest
reflectance of all cthe macerals. Macrinite, fusinite, and semifusinite pre-
aominated, but inertodetrinite (dispersed clastic fragments of inertinite)
and sclerotinite (hard fungal remains usually in young coals, as those of the
Tertiary Period) were also observed. Sclerotia were rounded or elliptical,
with lumens or cavities occasionally containing resinite, pyrite, or other
mineral matter. Micrinite was not ldentified in coals of this region.

The {inertinites were affected by more intense physical and chemical
alteration than were the huminites, but both are chiefly derived from wood
and bark. The inertinites may have been attacked by bacteria before burial.
Fusinitic and semifusinitic components consisted of charcoal and other par-
tially burned materials. These macerals are thermally resistant and inert;
hence, they are not easily oxidized or hydrogenated. Rao and Wolff (1981)
found that the concentration of inert macerals increased from the bage to
the top of a gilven seam, and they belileved this trend to reflect a gradual
change to a drier paleoenviromment during coal formation.

Liptinites (exinites) in Susitna lowland coal samples ranged to about 12
percent by volume on a mineral-matter—-free basis (table 7). Resinite and sub-
erinite were the most abundant, Liptinites have the lowest reflectances of all
macerals. They are black to dark gray in normal incident 1light, but fluoresce
under blue-light irradiation, Liptinites share broad chemical affinities, such
as relatively high hydrogen and volatile contents; compared with other maceral
groups, they have a higher concentration of aliphatic substances such as tar.
Liptinites can represent diverse coal componeunts that range from spore and
pollen exines and perines to cuticles, algae, and other resinous substances,
and tannin derivatives (Spackman and others, 1976).

Resinite occurred as cell fillings of lumens, or as secretions, and some-
times as 1solated, elongate, or spherical bodies; resinite typically displays
an orange fluorescence. Exsudatinite, included with resinite, commonly fills
cracks in vitrinite (ulminite), cell lumina of fusinite, or chambers of scler-
otinite (Spackman and others, 1976). Suberinite is common In Tertiary coals
and originates from cork cell walls, mainly in bark and root tissuve., Yellow
stringers (in fluorescent light) of cutinite were typically crenulated or ser-
rated on one side, thin walled (tenuicutinite) or thick walled (ecrassicutinite),
and sometimes folded. Sporinite cccurred as flattened elongate bodies with
slitted centers. Alginites (preserved algal remaing) were rare in the Susitna
lowland coal samples; alginites fluoresce yellow under blue-light irradiation.

Hydrogenation (increasing the hydrogen content of a coal) is vital to the
liquefaction and gasification processes. Generally, the vitrinite and exinite
components of a cocal can be hydrogenated but inertinites cannot; further petro-
logic and characterization recearch will help determine potential alternative
uses and beneficiation processes that can be applied to Susitna lowland coals.

Paleoenvironmental interpretation
for maceral compositiouns and associations

Paleoenvironmental interpretation from coal petrology begins with an

understanding of the concept of microlithorypes—-—associations of macerals of
the same group or assoclations with those from other maceral groups. They can
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a. Phlobapliinite and porigelinite b. Pseudophlobiphinices
(PA3-1p; wag. 400X). (CC3-3p; mag. 250X).

c. Phlobaphinice cell fillings d. Sporinites in ulminite
and thick suberinite cell (JC3-5; mag. 625X).
walls (PA3-1p; mag. 400X).

Figure 34. Photomicrographs of Tertiary (Tyonek Formation) coals from Coal
Creek (Beluga field), Johnson Creek, and Peters Hills area (Yentna
field) showing huminite and liptinite macerals (oil immersion).
Photographs by R.D. Merritt, 1982.
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a. Fusginite (CC3-4; mag. 315X). b. Fusinite with bogen structurce
(FM2-1; mag. 400X).

c. Sclerotinite, ulminite and d. Fungal spores wilith mineral
porigelinite (BBl-lp; mag. 315X). matter and humic material
(CC3-4p; mag. 625X).

Figure 35. Photomicvrographs of Tertiary cocals from Beshta Bay (Beluga Forma-—
tion, Beluga field), Coal Creek (Tyonek Formation, Beluga field), and
Fairview Mountain (Tyonek Formation, Yentna field) showing predominant
inertinite macerals (oil immersion). Photographs by R.D. Merritt, L96Z.
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Percent Figure 36. Histogram of vitrinite
M;:?m“ reflectance frequency (%) as
measured from ulminite macerals
(a668) in coal samples from the Susitna
60~ (T lowland. Numbers in brackets
indicate total number of grains
measured at a given reflectance
50 interval; V = reflectance class.
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be monomaceralic (microlithotypes that contain macerals of only one group),
bimaceralic (with macerals of two groups), or trimaceralic (macerals of three
groups). Table 8 summarizes the microlithotypes (Stach and others, 1975) that
compose the macroscopic lithotypes: vitrain, clarain, durain, and fusain.

Coal gamples from the Susitna lowland were not collected at vertical or
lateral intervals close enough to permit detailed interpretation of facies
changes within the coal seams; therefore, the main microlithotypes were very
generally determined by selectively counting the maceral associations on the
polished pellets and by interpreting the extensive maceral-composition data
collected. Different groups of microlithorypes were subdivided into individ-
val microlithotypes based on these maceral associations (Stach and others,
1975)., Vitrite was the dominant microlithotype, with clarite that contains
minor interbands of vitrinertite and trimacerite {(duroclarite). Williams and
Ross (1979) found similar maceral compositions and microlithotypes in Eocene
bituminous coals from the Tulameen coalfield of British Columbia. They also
found that vitrite was the dominant microlithotype, with clarite that con-
tained minor interbends of trimacerite (clarodurite) and durite. From their
maceral determinations, they proposed that the coal-forming peats developed
in a forest~moor environment in a poorly drained, low-lying basin next to an
eroding upland in a warm, moist climate.

When Cohen (1973) related precursor peat typesg to eventual coal composi-
tion, he differentjated two major peat groups: (l) herbaceous peats, which
produce massive, unlaminated, dull coal; and (2) tree~vegetation peats, which
result in brighter, laminated coal. He found that herbaceous peats are lower
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Table 8. Summary of microlithotypes (from Stach and others, 19756, p. 110).2

Maceral Macera)-group
composition composition Microlithotype
{raineral-free) Mierolithotype (mineral-free) group
Monamaceral
CoP >95% (Callite)? V>95% Vitrite
T >95% (Telite)?
VD >95%
S >95% Sporile
Cu >95% (Cutite)?
R >95% (Resjte)? E (L) >95% Liptite
A >95% Algite
LD >95%
St >95% Semifusite
F >95% Fusite 1>956% Inertite
Se >95% (Sclerotite)®
1D >95% Inertodetrite
M >95% (Macroite)®
Bimaceral
V+S >95% Sporoclarite
V + Cu >95% Culicoclarite V + E (L)>95% Clarite
V+R >95% (Resinoclarite)? V, E(L)
V+ LD >95%
V+M >95%
V + Sr1 >95%
V+F >95% V+12>96% Vitrinertite
V + Se >95% v, 1
v +1D >85%
I+8 >95% Sporodurite
1+ Cu >83% (Cutricodurite)*
1+ R >95% (Resinodvurite)? [+ E (L)y>95% Durite
1+LD >95% I, E(L)

Trimaceral

V,1LE > 5% Duroclarite V>I,E (L) Trimaceyite
Vitrinertoliptite E>1,V V, I, (L)
Clarodurite I>V, E(L)

RTepms In parontheses nol now in use.
Co - Collinite; T - Telinite; VD - Vitrodetrinite; § - Sporfnite; Cu - Cutinjte; R - Resinite: A - Alginite; LD - Liptodetrinite; M - Macrinite;
81 - Semifusinite; F - Fusinite: S¢ ~ Selerotiniie; ID - Inertodetrinite: V - Vitrinite: F - Fusinite;: L - Liptinite; 1 - Inectinite; E - Exinite.

in prevesinites (cell fillings and scererions), fusinite (charcoal), and pre-
sclevotrinites (fungal remains) but are higher in premicrinites (fine granular
debris). Tree-vegetaticn peats, however, have a higher percentage of preresin-
ites, presclerotinites, and fusinite but a lower percentage of premicrinitic
materials., On the basis of this subdivision, most Susitna lowland coals prob-
ably formed from tree-vegetation peats.

The determination of the paleocenvironment in which a coal-{orming peat
developed extends back to a classic paper by Hacquebard and Donaldson (1969),
who described how flood~plain and limnic environments in Nova Scotia were re-
lated to coal deposition during Carboniferous time (table 9). Hacquebard and
Nonaldson noted that coal~forming materials can accumulate in place, to form
autochthonous coals, or can be transported to another region and accumulate to
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Table 9. Chief characteristics o] aulochthonous and allochthonous coals (modified from Hacgquebard and Donaldson,

1969).
Autochthonous coals Alloctithonous coals
a. Seams typically rest oh underclays a.  Commnon absence of underclays
h. Occurrence of upright and vooted fossil trees b, Absence of upright trees

Minor tluctuations iy ash content both within and
hetween seams

Relatively high percenlages of ash

d. Wide distribulion of seams and velatively uniform d. Pronounced variability in quality and thickness of
thickness of individual benches over large areas coals, which grade botl laterally and vertically
into dark-gray or black shales
e, Excellent preservation of delicate plant organs e. Scarcity of plant remains in roofs of coal seans and
(such as leaves) in voof shales in intervening shales
f, Presence of vitrain, clarain, durain, and (usain, and f. Consist predominantly of more resistant macerals

excellent preservation of macerals,

as corpocollinites and certain liptinites and of

inertinites with abundant mineral matter.

form alleochthonous coals. Hypautochthonous coals originate mainly from plant
debris transported within the general area of its growth, whereas allochthon-
ous coal seams form frowm peats deposited as drifted vegetation--specifically,
plant accumulations that drifted or were rafted into regions other than those
in which they originally grew.

Evidence indicates that most Susitna lowland coals formed in place, but
gome coals exhibit characteristcics of each group, Upright and rooted fossil
trees occur locally; most leaf impressions are completely intact and indicate
no transport., Some Susitna lowland coals have a classic underclay.

Racquebard and Donaldsor (1969) concluded that the most favorable loca-
tions for deposition of normal-banded autochthonous coals in a flood-plain
environment ave Interdistributary troughs and levee-flank depresgsions along
river channels ovr areas associated with lacustrine sedimentation. Coal seams
as thick as 13.5 m are characteristic of the latter; compaction results in
subsided, poorly drained areas favorable for formation of thick peat deposits
(Hacquebard and Donaldson, 1969, p. 151), According to their model, distribu-
tion and accumulation of clastic sediments in a flood-plain environment are
controlled by the river's course and transporting power. Coarser sediments
are deposited 1n or next to the channel, particularly as natural levees; finer
grained sediments are carried into interdistributary areas by overbank flood-
water. Interaction between fluvial sedimentation and peat deposition results
in splits or digitations in seams and their eventual 'pinch-out'. Changes in
flood-plain environments are accompanied by changes in vegetation and in the
corresponding types and abundances of macerals preserved. Rapid subsidence
and early burial of peat beds result in excellent preservation of macerals.

At each sample location, Hacquebard and Donaldson (1969) subdivided the
seam profile into petrcgraphic intervals representing time-rock units, Each
interval was bounded by clastic partings or by distinctive dull layers with a
relacively widespread continuity and a characteristic microscopic composition,
They expressed ‘the aggregate thickness of individual microlichiotypeg as a per-
centage of an interval's total thickness and plotted those percentages on a
four-compounent 'facies' diagram (fig. 37). The vertices of the triangles
represent those micrelithotypes (or combirnations thereof) characteristic to
specific environments in the peat bog.



FiM Figure 37. Four-component 'faciles'
diagram of individual microlitho-~
types in different petrographic
intervals. FtM = relatively dry
conditions, an environment for

BRIGHT- the formation of fusito-clarite;

COAL FM = an environment for deposi-
TRIANGLE tion of vitrite and vitro-clarite;
RM = an environment occupying
transitional areas of reed growth,
deposition of spore-rich clarite;
OM = an envirorment for deposi~
tion of mainly subaquatic coals
FM c A+DRM such as cannel and boghead and
B+C A certain spore-rich clarite.
\ < 20% dul} in upper A 7 Modified from Hacquebard and
Donaldson (1969),
DULL-
COAL
TRIANGLE

(o)
om

A Spore-clarite + duroclarite

B Fusito<clarite

C Vitro-clarite + cuticle clarite

D Clarodurite +durite + carbargilite

FttM  Forest terrestrial moor
F Forest moor
RM  Reed moor
oM Open moor

They then assigned four diagnostic vegetation zones (following the proced-
ure of Karmasin, 1952) to the corresponding vertices of the combined triangles,
to illustrate the paleoenviroumental origins of the microlithotypes. Forest-
moor and reed-mootr facies of the bright coal triangle formed in the telmatic
zone between high and low watexr levels (Osvald, 1937). Subaquatic (open moor)
deposits of the lowest sector of the dull-coal triangle formed in the limnic
zone, and the two remaining sectors represent limno-telmatic deposits.

The microlithotvpes most closely related to the Susitna lowland coals are
those in the lower left sector of the upper bright-coal triangle (sce fig. 37);
these contailn vitrinite (or huminite) and little sporinite. The forest-moor
environment, where vitrite and vitro-clarite are the predominant deposits, is
the typical depositional environment of most Susitna lowland coals (especially
Tyonek Formation coals) and of Tulameen field (British Columbia) coals. The
vegetation types and the conditions under which these plant materials were
preserved indicate that most Susitna lowland coals formed in a telmatic zone,
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Framboidal pyrite

Four major morphologic species of sedimentary pyrite or marcasite occur
in coals and their associated eediments: (1) framboidal pyrite, (2) euhedral
grains, (3) coarse-grained masses (>25-u diam), which replace origiral plant
material, and (4) coarse-grained platy masses or cleats that occupy joints.
Disseminated euhedral grains (usually l- to 10-p diam) and framboids (>25-u
diam) are primary-pyrite varieties; coarse-grained, massive, and replacement
forms are secondary. Framboidal pyrite is a microsopic aggregate of pyrice
grains in unique 'raspberrylike' spheroidal clusters. The diameter of each
microsphere varies from 0.25 to 1 u, and these microspheres compose spherules
up to 250 p diam. Groups of framboidal spheres have been termed polyframboids
(Caruccio and others, 1977). Pyrite or marcasite also occurs as microcrystal-
line rosettes (for example, as minute octahedrons).

Framboidal pyrite occurs in continental-fluvial, low-sulfur coals of the
Kenai Group (for example, Capps Glacier area, Fairview Mountain, Peters Hills
area, and Wolverine Creek sites). Until recently, the origin of frambeidal
pyrite seemed to involve sulfur-reducing marine or brackish~water microbial
organisms, particularly bacteria. However, fine-grained pyrites were recently
identified in till (Stene, 1979), unconsolidated mud and ancient shale (Czurda
and others, 1973), and freshwater sediments (Dell, 1975). Organic matter and
a reducing environment are prerequisites for framboidal pyrite formation, but,
contrary to previous theory, sulfur-reducing bacteria such as Desulfovibrio
desulfuricans (Berner, 1969; Sweeney and Kaplan, 1973), which are restricted
to marine and brackish waters, are probably not required. Williams and Keith
(1963) found thsc roof vock of marine or brackish-water origin contains more
sulfur than roof rock of freshwater origin, and, indeed, pyrite morphology and
grain size are partly controlled by the geochemical regime in ancient peat-
swamp environments, However, because of the recent discovery of framboidal
pyrite in a variety of sediments, paleoenvironmental interpretations cannot be
based solely on their presence.

Most Susitna lowland coals contain <0.4 percent sulfur (table 10); thus,
cleaning coal for sulfur would not generally be required. Coarse-grailned,
massgive pyrite can be removed from coal by using the staundard specific-gravity
(sink-float) technique; organically combined pyrite, the most abundant type in
Alaska coals, is difficult to remove. High sulfate-sulfur content in a coal
commonly indicates a weathered sample (for example, WC1-3 of table 10).

Framboidel pyrite has been identified petrographically in certain Susitna
lowland coals. Primary sedimentary sulfides rapidly oxidize to iron oxides
and ferrous and ferric sulfates when exposed to air, but secondary pyrite is
stable and is leached very slowly (Caruccio and others, 1977). Although fram-
boidal pyrite is a major contributor to most acid-mine-drainage problems in
coal-mining regions (Caruccio, 1970), these conditions are not expected in the
Susitna lowland because of the minor amount of pyritic sulfur and disseminated
reactive framboidal pyrite. In addition, contamination of surface and ground
water by the solution and release of chemically bound trace elements in the
primary sulfide fraction should not occur, because the quantity of dissemin-
sted pyrite in coals of southcentral Alaska is minor.
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COAL QUALITY

Coals of the Beluga and west Yentna fields in Cook Inlet-Susitna lowland
offer the greatest potential for near-term development. A revitalized coal~
mining industry coculd also develop in the Matanuska Valley. Locally, coals of
the Matanuska field have been upgraded to anthracite by complex folding, fault-
ing, and igneous activity. Coals of the central and ezstern Yentna field have
less porential, lbecause they are typically <2 m thick with a high ash content
and low calorific value, The remaining coal deposits, in the Little Susitna
field, are thin, lenticulay, have high ash content, and are marginsally ligni-
tic to subbituminous (Sanders, 1981).

Near-surface coals in the Beluga 2nd Sterling Formations of the Kenai
Peninsula are typically less mature than coals of the Tyonek Pormation in the
Susitna lowland; they are characterized by higher ash and volatile contents
and a8 lower fixed carbon content. These lignitic to subbituminous coals are
commonly <l m thick, lenticular, dull, platy, and cleated with abundant pre-
served wood and bark tissues. However, coal beds as thick as 2 m occur, in-
cluding one that was mined at lomer (Sanders, 1981). By contrast, numerous
coal beds within the Kenai Group (mostly within the Tyonek Formation) of the
Susitna lowland are over 9 m thick,

Major coal deposits of the Susitna lowland are dominantly subbituminous
B or subbituminous C coal (app. B, table B~5). A thin, steeply dipping coal
seam (WC2-9) on Wolverine Creek is ranked as high-volatile~B bituminous coal,
Three thin coal seams at Fairview Mountain (FML1-13), Peters Hills (PAl-34),
and Talachulitna River (TRI-1; fig. 38) are ranked as subbituminous A coal,
Their apparent elevated rank may be due to weathering and oxidation effects.

Table 10. Total-sulfur and sulfur species of selected coal seams from Susitna Lowlend.

Sample - seam Sulfur species (%) Total
Locale designation Organic Pyritie Sulfate sulfur (%)

Capps Glacier area CG4-1 0.23 0.01 0.04 0.28
CGA-3 - . - 0.38

CG4-4 . - - 0.01

CG4-6 - . - 0.01

Fairview Mountain FM1-2 0.14 0.03 ' 0.06 0.21
FM1-4 0.24 0.01 0.02 0.27

FM1-7 0.16 0.02 0.05 0.23

FM1-10 0.19 0.01 0.01 0.20

FM1-13 0.23 0.01 0.01 0.24

Peters Hills PA2-1 - - - 0.35
PA3-1 - - - 0.50

PA3-3 . . - 0.64

Wolverine Creek WC1-3 0.22 0.05 0.39 0.86
wC1-4 - . - 0.67

WC2-4 - . . 0.70

wWC2-9 - - - 0.48

WC2-10 0.17 0.01 0.01 0.19

WC2-14 . - - 0.42



Figure 38. Coal seam (Tertilary, Tyonek Formation) exposed
along the Talachulictna River in westcentral Susitna
lowland. Photograph by J.E. Sperber, 1981.

Coals are ranked according to the ASTM ()981) classification system.
Higher ranked coals are clagsified according to fixed-carbon and volatile-
matter contents as calculated on a dry, mineral-matter-free basis., Lower
ranked coals with <69 percent carbon content, as those of the Susiina low-
land, arxe classified according to their calorific value calculated on a
moist, mineral-matter-free basis (app. B, tables B-5 and B-6).

Almost all published data on Susitna lowland coal quality (except those
industry summaries developed from core samples) were derived from analyses of
weathered outcrop samples. Data developed durlng the present study (summar-
ized here and in app. B) do not meet ASTM criteria for rank evaluation, so
conclusions from such analyses should be accepted with caution. Past studiles
in other areas, however, and a comparison of published data for unweathered
samples (tables ll-13) with weathered outcrop samples analyzed during this
study, reveal that Btu and vitrinite-vreflectance values differ only slightly
between weathered Alaskan subbituminous coals and unweathered core samples.
Stach and others (1Y75) reported on the studies of Chandra (1962), who meas-
ured and compared reflectances of naturally weathered ocutcrop samples and
fresh, unoxidized samples obtained at greater depths, and found that there
was no significant difference in vank, as shown by reflectance measurements
of the two sample groups. Although these Susitna lowland evaluatiouns should
be viewed as a measure of 'apparent vank,' they nevertheless indicate that
lower mean annual temperatures and local relative aridity veduce the effect
of oxidation on Alaska coals.

The chief attraction of most Alaska coals is their extremely low sulfur

content. Susltna lowland coals contain only 0.3 percent total sulfur (fig. 39;
table B-7); the sulfur occurs mainly in organic form (table B-8). Their ash
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1.00
0.90- . ;
0.0 Table 11. Average quality of Beluga field coals (from
' [81]) Patsch, 1976).

0.70- .

504 As Dried to

0. received Dry 10% moisture

50—

0 Moisture (%) 28 -- 10
Ash (%) 10 13 12
0.40 Volatile matter (%) 32 44 40
[Fixed carbon (%) 30 43 38
Sulfur {%) 0.156 0.2 0.2
0.30- Heating value
Btu/lb 7,550 10,600 9,400
Calories/gm 4,194 6,833 5,222
0.20
* . A .
~ Table 12. Net coal thichnesses and assay dala for major
;E, seams, Chuijina River field, Alaske (from Ramsey,
-
c 1981).
8 010 Avg
é 0.094 net coal Heating
S 0.08- thickness Ash Sulfur value
o 0074 Seam (tt) (%) (%) (Béu/lb)
0.06- Brown 28 10,13 0.83 7,846
Yellow 5-15 18.19 0.28 6,782
0.06 Green 20 11.25 0.238 7,862
Blue 28 7.34 0.16 8,216
0.04 Orange 16 7.99 0.20 8,054
: Red a3 7.57 0.17 7,828

0.03-

0.02- Table 13. Coal-quality dota, Johnson Creek and Canyon
Creeh tracls (from Blwmer, 1980). Average for
various seams and locotions, as-recejved basis,

Ash (%) 6-40

Heating value (Btu) 5,400-9,450

Sulfuy (%) 0.1-0.2

0.0 —La =< 3 s _FRis Moisture (%) 20-30
' ' Pyritic ’Sulfate |Organicl Total
Sulfur species sutfur

——— Arithmetic mean value

Maximum observed value

Figure 39. Histogram of maximum
observed and arithmetic-mean
values, percent total sulfur
and sulfur species of analyzed
Susgitna lowland coal samples.
Brackets = number of samples.



content varies, but it is low tc moderate in some higher qualivy coals of the
Tyonek Formation,

Table 14 shows LBarnes' (1966) analyses on several coals trom the Beluga-
Yentna region. Two coal-bearing sections from the Beluga field (fig. 40) were
measured and sampled in 1975 (Conwell, 1977b). Elemental analyses (app. B,
tables B-9 through B-14) revealed high levels of sodium, vanadium, and barium,
whereas elements such as mercury, antimony, uranium, and thorium, which tend
to volatilize during combusticn, occurred at low levels,

Table 14. Anulyses of 16 coal samples from Belugu-Yenina region (modified from Barnes, 1966, p. C26-C27). Listed as
o runge for differen! parameters analyzed. Rank: Subbituminous B, subbituminous C, and hignite. Calculated moist
mineral-free heating value (Biu): 7,650-9,800.

Sample Volatile Fixed Healing
condition® Moisture (%) matter (%) carbon (%) Ash (%) Sulfur (%) value (Btu)
1 19.7-33. 30.1-39.9 26.4-40.6 2,0-16.8 0.1-04 7,030-9,520
2 - 39.8-56.1 38.0-60.5 2.7-22.2 0.1-0.6 9,470-12,070
3 - 17.2-57.9 42.1-52.8 - 0.1-0.6 11,860-12,600

A . s cvecrelved: 9 - P
1 - Asrecelved: 2 - Moisture free; 3 - Moisture and ash free,

Table 15 presents published results from proximate and ultimate analyses
by Rao and Wolff (1981) of two coal seams: the Waterfall bed, from rhe Beluga
field, and the Sunflower Creek bed, from the Yencna field. FKao and Wolff's
(1981) vitrindte-reflectance data (table 16) show that the Waterfall bed is
subbituminous and the Sunflower Creek bed is lignitic, The Sunflower Creek
bed exhibits a very low ash and very low silica content; most inorganic mattex
consists of alumina, calcium, magnesium, and iron oxides (app. B, table B-1l).
Trace elements in Susitna lowland coals were generally similar co those found
in other coals. However, some Susitna lowland coals contained higher amounts
of barium, manganese, and chromium, and some samples contained lower amounts
of arsenic, zinec, boron, lead, and molybdenum (fig. 41). Table B-13 (app. B)
lists three-point ash [fusikility on two composite coal samples from the Beluga
field (Corwell, 1977b). Deformational and melting temperatures reflected low-
rank (subbituminous) coals with moderate ash,

DGCS analyzed 66 coal samples from the Susitna lowland (figs. 42 through
45; table 17) using a factor analysis based on proximate coal-quality data and
heating values which delineated two significant factors: (]) coals with higher
fixed carbon have higher heating values and lower ash; and (2) coals contain-
ing higher volatile matter have lower ash., Moisture and sulfur were insignifi-
cant factors which explained variances.

Scattey plots of paired proximate variables and heating values revealed
similar trends (fig. 43). The high positive correlation in figure 43a sup~
ports the direct relationship between heating value and fixed-carbon content:
as the fixed-carbon content increased, so did the coal's rank (as measured by
heating value). The high positive correlation in figurc 43b shows that heat-
ing values also varied directly with volatile-matter content. The high nega-
tlive correlation in figure 43¢ illustrates an inverse relationship between ash
content and fixed carbon; coals with higher fixed-carbor content (higher rank)
tended to have lower ash content. The high negative correlation in figure 43d
indicates that coals with higher volatile matter had lower ash content. These
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Figure 40. General location and lithologic descriptions of two measured coal-bearing sections
(Terciary, Tyonek Formation) of the Beluga coalfield. Modified from Conwell (1977b).

Table 15. Proximate and uliimele analyses of raw coals, Walerfall and Sunflower Creek seams {(from Reo and Wolff, 188I).

Thickness, Volatile Fixed Heating

Coal field, ASTM melers Moisture  maiter carbon Ash  value Carbon  Hydrogen Nitrogen Oxygen Sulfur (%)
seam rank (ft) Sample  Basis? (%) (%) (%) (%) {(Bluflb) %) {%) (%) (%) Byritic Total
Beluga, Subbit C 9.1 Ua-113 i 23.65 35.20 33.34 7.81 8,327 4798 6.25 0.54 37.28 001 014
Waterfail {30} 2 - 46.10 4867 1023 10,907 62.84 471 0.71 21.33 001 018
3 - 51.35 48.65 - 12,151 70.01 5.25 ¢.79 23.74 0.01 0.21
Yentna, Lignite 3.0 UA-115 1 29.80 38.26 28.61 3.33 7943 45.20 6.76 0.53 44 .07 0.01 0.11
Sunflower (10} 2 - 54.50 40.76 4.74 11,315 64.39 4,87 0.75 26.10 0.01 015
(upper) 3 . 57.21, 42,79 . 11,879 £7.59 511 0.79 26.35 0.01 0.16
Yenina, Lignite 3.0 UA-116 1 29.86 89.29 28.43 242 8,017 4548 6.89 048 44.67 001 005
Sunflower (10) 2 - 56.02 40.54 3.44 11,429  64.84 5.06 6.70 25.89 0.01 0.07
{lower) 3 - 5802 41.98 - 11,837 67.16 5.24 0.73 26.79 0.01 0.08

2] - equilibrium-bed maoisture; 2 - moisture free: 3 - moisture and ash free,



Table 16, Vitrinite-reflectance data, Waterfall and Sunflower Creek seams (from Rao ond Wolff. 1981).

Coal {ield/seam

Beluga/Watex{all
Yentna/Sunflower (upper)
Yentna/Sunflower (lower)

Sample

UA-113
UA-1156
UA-116

Mean maximum

reﬁlectance
(Romax)

0.25
0.33
0.22

Vi

3
0
46

Frequency

V2

86
28
37

Histogram
V3 V4
11 0
66 6
14 3

relationships ave expected for a group of samples which exhibit a narrow range

of rank variance, as do most Susitna lowland subbituminous coals,

A cluster

analysis of Susitna lowland coals (fig. 44) disclosed that coals with similar

characteristics formed distinet clusters.

Coals from specific localities

(Canyon Creek, Beluga River, Satuxday Creek) formed fairly close clusters.
See table B-14 for a proximate analysis of each sample listed in figure 44,

Results of vltimate-analysis of selected coals from scattered localities
in the Susitna lowland (table 18) were typical of subbituminous coals and in-
dicated these coals to be low-rank because of low carbon content and high oxy-
gen content., Lignitic, subbituminous, and low-rank bituminous coals generally
contain 5 or 6 percent hydrogen; hydrogen decreases to 3 or 4 percent in high-

Pam

10,000 -

3000 - T

10004 —__
Ti

500 -

300 -

100 A Sr Ba

30

O Other casls

B Susitna Lowland coals

5

7
Mo

Be

TFigure 4]1. Range of trace elements in raw coal ashes commonly found in other
coals compared to range of those in Susitna lowland coals. Data for other

coals from Mason (1966, p. 242); Susitna lowland coal data from present

study, Conwell (1977b), and Rao and Wolff (L98L).
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Figure 43. Scattexr pleots with regression lines of paired proximate variables
for analyzed coal samples from the Susitna lowland.

rank bituminocus and anthracitic coals,

Righest amounts of sulfur and nitrogen

usually occuxr in bituminous coals, decreasing in both lower aud higher rank

coals.

Within the broad spectrum of coal rank, ash contents are typically

independent of various rank indicators and reflect variations in the quantity
of mineral matter initially deposited in a peat swamp,

Inorganic matecer in Susitna lowland
alumina, and calcium oxides, with lesser
(fig. 45). Silica content was highest in
in some Chultna River coal ash. Alumina

- 66

coals consisted mainly of silica,
amounts of iron and magnesium oxides
Falrview Mountain coal ash and lowest
content was higher in c¢ertain Canyon
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Figure 44,

Cluster analysis based on proximate data, total sulfur,

and heating values for analyzed coal samples from the Susitna

lowland.
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Figure 45. Range of major-oxide concentrations in rawv-coal ash from eight localities in the Susitna
lowland. Sample locality: 1 = Beluga River; 2 = Canyen Creek; 3 = Capps Glacier; 4 = Chuitna
River; 5 = Fairview Mountain; 6 = Peters Hiils; 7 = Saturday Creek; andé 8 = Wolverine Creek.

Table 17. Summaory of renge and mean values and coal-quality characteristics of 66 samples from the Susitna Lowlond.

Voiatile Fixed Healing
Moisture (%) matter (%) carbon (%) Sullur {%) Ash (%) value, Blu
1 7.3-21.9 25.9-46 1 15.1-43.7 0.01-0.73 2.4-51.7 4.570-10 960
Range® 2 - 27.9-565.1 16.4-50.9 001-09] 2.8-55.7 4,930-13,400
3 - 456-63.2 36.8-54 4 0.01-1.03 - 10,480-15,540
i 154 37.2 323 0.26 15.1 8,163
Mean* 2 - 44.1 38.3 .31 17.7 9,680
3 - 53.7 48.3 0.3 - 11,766

A1 - Ag received: 2 - Moisture free: 3 - Moisture and ash free,




Table 18. Result of ultimate analyses, in percent, of selected coals from the Susitna Lowland.

Hydrogen Carbon Nitrogen Oxygen Sulfuy Asgh

Sample 1* 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

BR1-1 6.94 6.24 7.18 498.31 57.46 66.10 0.56 0.65

CnC17
CnC8

0.74 31.84 2241 25,80 0.14 0.16 018 11.22 13.08
-1 6656 593 6.41 55.283 64.01 69.24 0.82 0.95 1.02 3043 21.16 22.8% 0.35 0.4]1 044 6.62 755 --
-2 6.69 5.98 6.64 654.44 63.03 70.04 091 1.06 1.17 29.10 19.69 21.88 0.21 0.24 0.26 8.65 10.01 --

CG3-10 6.08 4.92 7.96 3448 42.31 68.41 0.53 0.65 1:04 27.62 13.72 22.21 0.18 0.24 0.38 31.10 38.16 --
CG4-1 6,32 543 7.37 42.89 50.71 68.87 0.52 0.62 0.84 27.73 16,59 22,54 0.24 0.28 0.38 22.30 26.37 --
CR9-3 6.42 5,63 6.41 52,30 60.92 69.26 0.80 093 1.06 2588 20.18 2294 0.25 0.2% 0.383 10.35 12.05 --

CR10

-1 6.48 5.66 7.29 47.16 54,78 70.62 0.73 0.84 1.09 26.28 16.18 20.85 0.10 0.11 0.15 19.30 22.43

FM1-7 6.57 5.86 7.07 48.90 56.48 68.17 0.50 0.58 0.70 2899 13.70 23,79 0.20 0.23 0.27 14.84 17.15

JC3-1
SC3-1

8.70 5.92 7.22 46.26 63.15 64.83 0.49 0.87 0.70 31.97 22.04 26.89 0.25 0.30 0.36 15.34 18.02
6.58 5.61 7.34 43.62 52.69 68.24 0.56 0.67 0.88 2066 17.20 2248 0.22 0.27 0.36 19.46 23.66

41 - As received; 2 - moisture free: § - moisture and ash free.

Creek coal ash; Chuicna River and Saturday Creek coal ash tended toward higher
calcium-oxide content. Saturday Creek coals also exhibited higher sulfate
content. The content of other major oxides was fairly constant at all sites,

In summary, coals of the Tyonek Formation appear to be of higher quality
than thosge of the Beluga and Sterling Formations in the Susitna lowland. This
conclusion is supported by results of current coal-characterization research,
However, coals from all formations studied were primarily subbituminous with
moderate to high moisture, extremely low sulfur, and variable ash,

COAL RESOURCES AND RESERVES

Estimates of Alaska's coal resources and reserves are crude because of
insufficient subsurface information over broad areas. Definitive data are
needed if the USBM and USGS coal-resource classification system (fig. 46)
is to be used., However, until additional drilling and seismic data become
available, resource estimates for coalfields in Alaska cannot be precise.

IDENTIFIED UNDISCOVERED
DEMONSTRATED Hypothetlcal Speculative
(nferred (In known {In ungdiscovared
Measured | \ndicated districts) districts)
[o
v
8i3
zas
QL’ -
8% s
1 1 -
T T + s = >
T whk
£ 5=
S o
ol s X
s|§ o2
o ——
S\ & =
%)
8 + + g a
| E T Figure 46. Coal resource
2§ s classification system of
£ U.S8. Bureau of Mines and
3 A ) ! U.S. Geological Survey.

Modified from U,S. Geo-

<«—— INCREASING DEGREE OF GEOLOGIC ASSURANCE ——
logical Survey (1976).
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The Cook Inlet-Susitna lowland area represents the second largest coal
resource base in Alaska--surpassed only by the deposits in northern Alaska--
and may have the greatest potential of any single undeveloped coal 'property'
in che United States. Tlarge areas of the Susitna lowland most likely contain
shallow, strippable coal deposits (fig. 47). Sheet 3 is a preliminary inter-
pretative coal-potential map of the Susitna lowland based on the coal-bearing
cutcrop pattern and geologlc structure in the region. Many areas judged to
have high potential for coal development have already been leased (fig. 48).
tiowever, other large arcas in the Susitna lowland probably contain significant
but poorly defined or undiscovered ccal resources,

The total coel resource in the Cook Inlet-~Susitna lowland coal province
is estimated at 1.5 trillion tons, 1l billion tons of which are identified
resources (McConkey and others, 1977; Sanders, 1981). Estimated identified
resources in the Beluga-Yentnz region are 10 billion tons; estimated hypothet-
ical resources are 30 hillion tons. Swift and others (1980) have estimated
that at least 750 million tons are economically mirable in about 50,000 ac
(20,250 hec) in the Capps and Chuicna districts.

McGee and O'Conror (1975) estimated total resources at 29 billion tons in
the Beluga and Yentna coalfields, 24 billion tons on the Kenai Peninsula, and
1.3 trillion tons beneath Cook Inlet (Lo a depth of 3,050 m). They speculate
that 53.2 billion tons of coal lie¢ beneath Coock Inlet in beds thicker than
6 m. Barnes (1967) estimated the identified vrezources of several major coal
seams of the Beluga field (table 19) but did not project the coal beds far
from outcvops in valley walls,

Several major coal seams occur on the west of the Susitna lowland in the
Yentna coalfield, At Falrview Mountain, six coal beds <2 m thick crop out; a
4,5-m-thick bed is exposed on Camp Creek, a l7-m-thick bed on Sunflower Creek,
and several beds <4.5 m thick on Johmson Creck (fig. 49), Nakochna River, and
Canyon Creek (sheet 1). At least five seams ranging from 3 to 12 m thick occurx
on the Johnson Creek tract, and five minable seams from 3 to 14 m thick cccur
on the Canyon Creek tract. At one locality on Canyon Creek, four separate
seams form 19 m of coal in a 23.5-m~thick interval. On the Johnson Creek and
Canyon Creek tracts, an identified resource has been estimated to exceed 500
million tons to a depth of 76 m (Blumer, 1981); these tracts are currently
leased by Mobil 01l Corporation (sce fig. 48).

In the central and eastern Yentna hasin, Nelson and Reed (1978) inferred
a coal resource of at least 64 million tons. Sanders (1981) stated that coals
in this area occuv in the upper 2,440 m, The near-surface coals are <).8 m
thick (fig. 50), but placer miners in the Dutch Hills and Peters Hills areas
have made use of them for years.

In 1916, Cache Creek Dredging Company began operating the Short Creek
Coal Mine on a Yentna River tributary to supply power for its dredge (Naske
and Triplehorn, 1980). The Peters Creek cosl beds crop out next to the Parks
Highway and Alaske Raillvoad. Portland General Electric drilled in this region
in 1976 (table 20).

Coal deposits of the Susitna lowland have been delineated by private
industry drilling programs since 1967, but most data are still proprietary.
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Current coal lessees have identified several mining sites 1rn the Chuictna dis-
trict northeast and southwest of the Chuitrna River. The combined tonnage of
surface-mineable low-sulfur coal helid by Placer U.S. Inc. and Diamond Alaska
Coal Company is approximately | billion tons, with a waste to short ton of
coal ratio of <6 bank:yd® (table 21).
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Figure 48. Locations of major coal leases in the Susitna lowland.

15 million ton/yr,

Both companies conducted engineering-feasibility studies for mining 1 to
Placer U.S. Inc. developed and sampled about 500 million

tons of mineable reserves in four potential mine sites: one at Capps,
Chuitna, and one at Threemile (table 21).

two at
The Capps deposit, which occupies

a localized 1l- to 13~km? coal basin, contains two major seams, the Capps and

- 72 -




Table 14. Estimated identified coal resources for several
major scams in the Belupga orea (from  Bamnes,

1966).
Average Resources

Seam thickness (m) (million tons)
Chuitna bed 16 1.243
Capps bed 15 366
Lower Chuilna hed <6 GY
Canyon hed 7 60
Drill Creek hed 20 61
Beluga hed 9 12

the Watertall beds, which average 5.2 and 9.2 m thick, respcctively. The
stripping racio is estimated at 4:1! to 5:1 (Patsch, 1976).

Six seam: constitute most of rhe resources within the Chuitna River coal-
field (table 21). Study of outcrops along the river and 2 detailed drilling
program helped identify the seams. Although the number of mineable seams 1s
similar east and west of the Chuitna River, the coal beds have not been corre-
lated. The Brown coal is Barnes' Chuitns sec¢am; the Red, Orange, and Blue seams
werc delineated mostly by drilling wicthin a planned open-pit area by Diamond
Alaska Coal Company.

Most favotrable mining prospects within the Susitna lowland occur where
thick coal beds of the Tyonek Formation arc within 100 m of the wurface. Most
coal beds over 6 m thick are restricted to tie Tyonek Formation, in which over

Figure 49. A coal bed in the Tyonek Formation exposed along Johnson Creek,
western mavgin of the Susitna lowland. Photograph by J.l'. Sperber, 1981.
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Figure 50. View of coal-bearing section aloug Short Creek, leters Hills
ares, as seen looking up from creek-bed level (east Yentna field,
Tyonek Formation). Fhotograph by J.L. Sperber, 1981.

Table 20. Peters Creek drill dala?

. Coals
- Location _ Total Max
Quarter- depth Elevatwon (fU), thickness Depth Flevation
Dnilhole quarter Section  Township Range ({t) lop to bottom No. seams {It) (ft) ()
L SEYNE'Y% 11 26 N B W 510 1,150-640 2 1.5 127-1706 1.023-974a
2 SWUSWY 2 26 N S W 440 1.165-725 0 - . -
3 NWUNLEL 3 26 N 8w 460 1,225-765 2 2.0 326-385 839-840
4>
5 SWHNWY, 14 26 N KW 240 1,120-880 2 4.0 64-87 1.056-3,033
6 SE%SWY% 11 26 N 8 W 510 1,194-684 2 1.0 361-381 R33-K13
7 NWLYSE%4 11 26 N 5 W 466 1.,192-727 2 2.5 323-340 SG9-852
S NWSWi 1§ 26 N 5 W 510 1,157-647 1 2.5 405 ih2
a SEYSW4 2 26 N 8 W 376 1,175-800 2 3.0 101-363 1,074-R22
10 SEUANWIA 10 206 N BW 300 1.340-1,040 0 - . -
1] SWHSIEY 3 26 N 5 W 360 1,200-840 1 4.0 G4 1.138
12  NWUSEX 13 26 N 8w 300 1.020-720 0 - - -
13 NEYNEY [ 26 N 7w 4105 1,000-585 0 -
YGummarized from Portland General Flectrie informution,

DR edrilled as 17H 6.



Table 21. Minable reserves, Beluga coal field (modified from Rao and Wolff, 1981). Estimates provided by Beluga
Coal! Company.

Basin Coal beds Location Estimate of minable reserves

Threemile Creek Contains 22 partially exposed, 6 mi from Cook Inlet 60 million tons; 9:1 stripping ratio.
steeply dipping 10-ft-thick
seams (avg).

Chuitna Rivey Six seams, lwo minable 17 mi from Cook Inlet 200 million tons of near-surface
outcropping coa) beds {one reserves on west side of river,
over 40 ft thick).

Capps Two seams exposed in the 26 mi from Cook Inlet 200 million tons in Capps and
Tyonek Formation---the upper Waterfall seams at 5:1 stripping
Capps bed averages 17 ft ratio.

thick, the lower Waterfal)
bed (Capps bed of Barnes,
1966) has an average min-
able thicknass of 30 ft but
ranges from 20-50 ft. The
interburden thickness varies
from 80-280 fi.

100 separate beds have been distinguished 1in a single well log (see fig, 18).
Oil~well logs indicate that the West Foreland, Hemlock Conglomerate and Beluga
Formations contain several thick coal beds at depth. Coal beds of the Sterling
Formation are generally <2,5 m thick. Strata of the Sterling Formation crop
out in the northern part of the Yentna field and on the western coast of the
gouthern Kenal Peninsula, where as many as 37 coal beds are exposed., Other
major coal deposits occur in the Chickaloon Formation of the Matanuska field.
The Chickaloon Formation is up to 915 m thick in the Matanuska field and has
at least 30 different coal beds in the upper 460 m (Conwell and others, 1982).

OVERBURDEN CHARACTER

In the absence of active mining operations, the character of overburden
of the Kenal Group coals in the Susitna lowland has received little attention.
Qualitative and quantitative overburden characterization 1s significant for
several reasons, not the least of which are the enforcement provisions of the
Surface Mining Control and Reclamation Act of 1977. The sultability of over-
burden for use as a subsoil medium during mine slte reclametion is of prime
importance. The breakup of unweathered rock materials and their placement
into the zone of active leaching also creates a potential for deleterious
effects on regional surface- and ground-water quality.

The character of overburden varies--as does the quality of individual
coal seams within a given basin--and is dependent on its depositional environ-
ment. Overburden mineralogy is determined by Eh and pH conditions, tempera-
ture, and salinity of the depositional regime.

Pyrite, gypsum, dolomite, and clay minerals within the overburdem affect
the ground-water chemistry; pyritic and argillaceous materials have the great-



est potential for producing highly mineralized ground water. Sulfate (SO D
and sodium (Na )} concentrations are of particular concern (Groenewold and
others, 1981). Because of the relatively low content of pyritic sulfur in the
coal overburden of southcentral Alaska, weathering of sulfides and subsequent
dissolution of sulfates should not significantly impact regional ground-water
quality (Merritt, 1982). Nelson (1981) reported relatively high dissolved
iron concentraticrs (0.4l to 6.2 mg/L) and color that ranges from 5 to 200
turbidity units in ground-water samples from five wells between Granite Point
and the Beluga River. One sample from a well 14.5 km ncrtheast of Granite
Point contained 0.150 mg/L arsenic. Toward the eastern McArthur Flats near
Cook Inlet, ground and surface waters are heavily stained with iron and con-
tain reddish-slime deposits, probably formed by iron-fixing bacteria.

Certain elements can sometimes be correlated with a depositional environ-
ment: boron, bromine, chlorine, sodium, strontium, phosphorus, nickel, cobalt,
vanadium, chromium, uranium, copper, sulfur, carbon, and oxygen are the most
common paleocenvironmental indicators, in addition to organic matter (Reineck
and Singh, 1975). Bailey (1981) found that relatively higher contents of cop-
per, chromium, titanium, potassium, silicon, and arsenic are sssociated with
fluvial coals; zinc, iron, calcium, pyritic sulfur, and sulfate sulfur are
generally more abundant in coals formed in marine-influenced depositional
systems.

Overburden is composed of inorganic sedimentary rocks, thin, unmineable
coal stringers (rider seams) at the mine site, and unconsolidated profile and
bedrock strata. Unconsolidated sequences include soils (topsoil and subsoil
horizons), other alluvium and colluvium, and glacial deposits; erratics and
well-jndurated layers (particularly plastic-clay zones) pose minor problems
during mining. Bedrock strata are composed of yelatively soft materials such
as shale and weathered rock and hard materials (conglomerate, sandstone, silt-
stone, and limestone). Burn material (baked rock, scoria, or porcellanite)
forms varicolored gleys when weathered (fig. 51), and these gleys and melting
permafrost may cause slope-instability problems (Schmoll and Yehle, 1978).

Designing a specific program to handle overburden on a mine site may be
complicated by rapid lateral or vertical changes in litholegy (Merritt, 1983).
Where such relationships exist, as in the Susitna lowland, lithologilc units
may be grouped into several major textural clasases or rock types:

- Light-textured materials, predominantly sandstone and
sandy siltstone
- Medium~-textured materials, predominantly siltstone
- Heavy-textured materials, predominantly claystone
- Coal stringers (including bone coal), rider seams,
carbonaceous shales
© Major coal seams
Interburden (clay or sand partings, including
bentonites and tonsteins, in thick coal seams
or between coal seams)
- Porcellanite or scorla (baked rock above a burned coal)
* Glacial deposits
- Stream depcsits (alluvium)
Sheetwash colluvium or eolian deposits.
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Figure 51. Weathering pgleys from burn material in a coal-bcaring secction of
the Tyonek Formation, Chultna River, Beluga coalfield. Photograph by
J.E. Sperber, 1981,

A brcad spectrum uf overburden characterization arnalyses was pertormed on
Susitna lowland sanmples during this study (table 22; app. E, table L-1 through
E-9). Although guideline criteria to evaluate the character and guality of
overburden have been developed in several othur states, including Wyoming and
Montana (app. L, tables E-)0 and E-l1), none have been establislied for Aluska.

Texture

On a plot of particle sizes and resultant textures for Susitna lowland
overburden samples (fig. 52), several samples fell within the 'poor' texture
zones. Cenerally, regraded spoil material that 1s derived from overburden
with high sand (>70 percent), high clay (>40 percent) content, or bouldery
surface (as glacial till) may create revegetation problems. High-clay zones
produce effectdve aquicludes; high sand zones exhibit unfaverable moisture-
retention qualiries; and large boulders crcate a medium that may contain
little fine-grained matrix material and organic matter (Dollhopf and others,
1978). On the basis of unconfined compressive-strength tests of coalfield
samples from the Capps district, Chleborad and others (1980; 1982) concluded
that the materials ranged from soft soil to soft rock (fig. 53).

During dragline spoiling, overburden with a high clay content can be
mixed with overburden with a high or moderate sand contenc to improve soil
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Table 22. Summary, overburden-characterization unalyses of Susitna Lowland samples.

Parameter Samples Locales Range
paste pH 88 8 4,1-7.8
Electrical conductivity 88 8 0.1-0.9 mmhos/em @ 25°C
Satuyralion 88 8 24.294.1%
Saturation Ca 0.1-6.3 meg/1
ex{racl Mg 28 3 <0.1-4 .4 meq/l
cations Na 0.4-0.8 meq/1
Sodium adsorpLion ratio (SAR) 28 3 0.3-2.2
Exchangcable sodium percentage 54 3 0.7-606.4%
(ESP)
Particle size 54 3 Varigble
Texture 54 3 Variahle
Organic matter 36 4 0.82-11.88%
Lime 36 4 7.7:10.1%
Boron (total) 20 2 1.3-:100.0 ppm
Selenium (Lotal) 20 2 <0.01-0.05 ppm
Extractable nutrients NOgz-N 2.1-13.8 ppm
P 43 6 6.85-38.54 ppm
K 47.6-280.4 ppm
Ammoninm Ca 2.5-45.4 meq/100g
acelate Mg 54 3 0.3-9.0 meq/100¢
extractable Na 0.6-39.5 meq/100g¢
cations K <0.1-0.7 meq/100¢
Cation exchange capacity 54 3 1.3-88.4 meg/100¢g
Base saturation 54 3 16.7-100.0%
Sulfur 5048 <0.1%
Pyritic 28 3 <0.01:0.09%
Total 0.00-0.48%
Acid potential 0.0-30.0 meq H*/100¢
Neutralization potential 88 8

Potential acidity?®

3.85-213.84 tons CaCOy eg./

1,000 tons

-6.65-212.89 tons CaCO 3 eg./

1,000 tons

Apositlve values indlcate excess CACO3 oy basie overburden material.

Mean

6.4

0.3 mmhosfem @ 25°C
52.8%

1.9 meq/!

1.3 meq/!

0.6 meqg/l

0.6

16.5%

4.7%
9.9%
33.8 ppm

4.0 ppm

15.44 ppm
136.4 ppm
10.3 meq/100g
3.3 meqf100g
1.4 meqg/100¢g
0.2 meq/100¢g
20.0 meg/100g
83.4%

0.07%

4.1 meq H/100¢g

24.2 tons CaCOgq eg./
1,000 tons

+22.3 tons CaCOgq eg./
1,000 ions

texture and drainage characteristics in some areas of the Susitna lowland.
Dollhopf and others (1978) mixed an overburden sample of 9 percent clay with

an overburden sample of 57 percent clay in proportions of 3:1,

1:1, and 1:3,

containing 25, 40, and 49 percent clay, respectively, which represented a

near-linear relationship.

Overburden in the Susitna lowland exhibits abrupt

vertical and lateral changes in clay content, which reveals rapid alteration
during local depositional processes.
mixing to dilute the clay content and to produce a more desirable plant-root
medium threugh which water will percolate more easily.

Acidity

Texture can be considerably improved by

Overburden at Fairview Mountain exhibited pH values as low as 4.1 (figs.
S4 and 55) and, in at least two samples, deficiencies of ameliorating capacity

(over 5 tonsg CaCO

equivalent per 1,000 tons of material; fig. 55).

However,

the highest pyritic-sulfur content of the roof and floor beds of coal seams
C through F was <0.06 percent, and highest total sulfur countent <0.48 percent

(fig. 55).

The acidity of the overburden strata probably resulted from bio-

chemical breakdown of organic matter, which ranged from 1.27 to 11.89 percent
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100 Figure 52. Pavrticle sizes
and textures of over-
burden samples from the
Susitna lowland, show-
ing rock materials that
tend to form zones of
poor texture in spoil
material,

Percont sand

—

Poor texture zones (> 40% clay and > 70% sand)

in the analyzed samples., Groenecwold and others (1981) found chat this process
often led to higher acidity than did oxidation of disseminated pyrite.

Acidity should not be a significant problem in most areas of southcentral
Alaska. However, overburden strata with as little as 0.3 percent sulfur in
the form of fine-grained disseminated pyrite (particularly as framboids) can
cauge acldity and revegetation problems on reclaimed spoil. Pyrite framboilds
occur in certain Susitna lowland coals (Merritt, 1982); in weathered (oxidized)
overburden sequences, soluble sulfate salts may be abundant, The inherent
alkalinity level (CaCO3 content) ameliorates existing acidity.

Saline-sodic spoil

Although materials characterized by excess soluble salts and a high level
of adsorbed sodium are common iIn the arid to semiarid regions of the western
United States, analytical results of this study supported the conclusion of
Mitchell and others (1981) that saline and sodic spoil should not be a major
problem 1n Alaska coal basins. They found no zones of salt accumulation and
no sodium-adsorption levels that would be detrimental to plant growth in the
materials they examined from the Usibelli Mine at Healy, the Capps district of
the Beluga field, an abandoned strip mine in Matanuska Valley near Sutton, and
an abandoned site at Meade River. Electrical conductivities in Susitna lowland
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Range of values of
Capps coal-ﬁeld samples
Very soft soil - =
Soft soil 4 =
Firm soil T l—
Stiff soil -
Very stiff soil -
Very soft rock =
Soft rock -
Hard rock h r——b|
Very hard rock - l——-
Very very hard rock — ; é F————ﬂ
b : :
: s : 1
0.01  °%01 100 000
Unconfined compressive strength (Mn/m?)
| —— Range of values reportad by others

Figure 53. Range of unconfined compressive strength for Capps area
coal samples, Modified from Chleborad and others (1980, 1982),

samples analyzed in this study ranged from 0.1 to 0.9 mmhos/cm at 25°C, and
the mean sodium-adsorption .ratio was <1.0. Although a few samples exhibited
anomalously high exchangeable-sodium percentages, the mean value (tables 22
and 23) was 16.5 percent .

Cation-exchange capacity

The 54 overburden samples analyzed from three sites in the Susitna low-
land ranged from 1.3 to 88.4 mEq/100 g, with a mean of 20.0 mEq/100 g. Shale
and mudstone genecrally had relatively high cation-exchange capacities (CEC),
which indicates the presence of montmorillonite and availability of adequate
plant nutrients for use as a subsoil medium. The CEC in sandstones rarely
exceeded 5 mEq/100 g unless the sandstone was argillaceous.

Trace elements
Few baseline data exist to establish acceptable trace-element levels in

overburden, particularly in Alaska. Hinckley and others (1982) concluded that
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Figure 54. Histograms of pH and total-sulfur content for overburden samples
from the Susitna lowland. Frequency expresses number of samples exhibit-
ing a particular value. Samples having extreme values are designated by
sanple code (see apps. C and E).

considerable varlation occurs in rock chemistry and depositional environments
over short distances in the Beluga coal area and fine-grained rocks (claystone)
typically contain at least twice the amount of trace elements that coarse-
grained rocks (sandstones) do (table 24). Overburden samples from several
localities in the Susitna lowland (Beluga River, Capps Glacier, Fairview
Mountain, Peters Hills area, Saturday Creek, and Wolverine Creek) revealed
significantly higher levels of trace elements such as lead, zinc, nickel,
cobalt, and cadmium than those recommended for prime topsoill or subsoil

media (fig. 56).

The maximum selenium content of 20 samples from two Susitna lowlard

sites (table 22) was well below the toxicity threshold level of 2 ppm, but
total-boron content indicated excess boron concentrations (>5 ppm) in mine
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Depth Lithology and Sample Coal-seam Paste Sulfur (%) Organic

(#) (m) acid-base account number designation Description pH Pyritic total Lime (%) matter (%)
0-0
1
—10
40
[ FML-1 Rool: carbonaceous shale 4.1 0.06 { 0.30 10.0 9.46
FMlL-3 ]— F Seam Pariing: carbonaceous claystone 4.8 0.02 f Q.06 9.8 6.10
so- FMl-5 Seatrock: claystone 5.1 0.01 {0.02 8.5 1.69
- 20
ga-|
] FML-6 Roof: carbonaceous shale 4.2 0.01 { 0.48 8.0 8.68
E Seam
10‘0'_ 30 FM1-8 Seatrock” claysone 4.7 0.02 § 0.02 10.0 242
120
1+ 40
FM1-9 } { Rool: carbonaceous shale 4.6 001 /0,14 8.3 11.89
140 FM1-11 D Seam Seatrock: claystone 5.1 0.01 f 0.0} 0.9 1.27
FmMl-12 } c _[ Rocl: carbonaceous shale 4.8 0.04 /0.92 B.2 8.56
| FMl-t4 Sesm Semrock: sandy cleystone 1.2 0.04 f D.04 10,1 1.94
160 ‘
— 50
L _f. -
150
1 T T T 1
-30 .20 -10 0 0 10 20 30

Deficdency Excess
Tons (}aCO3 equivalent {tons material

Figure 55. Overburden—interburden characteristics for a coal-bearing section from Fairview Mountain,
Tyonek Formation, northwest Yentna field.



Table 23. Geochemical paramelers measured in determining the levels of soluble salts and sodium in soils and

Parameter

Conductivity (EC)

Saturalion percentage (SP)

Saturation extract cations

Sodium (Na™)

Calciwm (Ca™t)

Magnesium (Mg*¥)

Sodium adsorption ratio (SAR)

Exchangeable sodium percentage (ESP)

overburden,

Characteristics

Directly related to soil salinity. Conductivities over 16 mmhos/em al
250C generally rated as unsuitable, and from 8 to 16 mmhos/cm at
25°C as poor (table D10),

Moisture content ol a given material al its point of satuyation. High
saturation (>80%) can often be correlated with high elay strata.

Tends to disperse clay materials, hence reducing aeration and soil
hydraunlic conduclivity, Adverse structural modification to a soil is
ugually due to excess sodium concentralions.

Directly alfects the drainage and leaching of soils; resulls in a sodic
condilion,

Low magnesin levels can reduce the concentrations of phosphorous.
High levels of calecium ions may alleviate toxic reactions of plants
with high concentrations of magnesium (U.S. Department of Agricul-
ture, 19564).

Determined from the modified Gapon equation:

SAR = Na/ YCa + Mg)/2.
A material with an SAR value above 15 is judged unsuitable as a plant
rool-2zone medium (Sandoval and Gould, 1978),

Defines Lhe extent to which the adsorption complex of a soil is oc¢-
cupied by sodium. High-clay materials usually have attendant high
exchangeable sodium contents and an SAR value above 10 (Sandoval
and Gould, 1978). Soils with high ESPs (>158%) and high SARs tend
Lo have serious physical problems, regulling in low hydraulic con-
duclivity, poor aevation, and reduced productivity.

spoil that could be a problem for revegetation. Molybdenum concentrations in
all Susitna lowland overburden samples analyzed wevre <15 ppm; at this level,
molybdenum may be concentrated in plant tissues and cause molybdenosis in
grazing ruminants., Lead content in the overburden samples ranged to about

50 ppm; generally, materials with lead levels higher than 10 ppm should be

selectively handled.

Dollhopf and others (l976) cited an example of mixing inhabitory strata
(lead concentration 15 ppm) with overburden straca (lead concentration 1 ppm),
which resulted in a spoil-pile concentration of between 3 and 5 ppm lead. If
left near the reclaimed surface, concentrations at this level would not harm
plant growth. Scattering spoil material through the dragline swing cycle,
rather than dumping it at the end of the cycle, results in a2 more chemically
and physically homegeneous and environmentally acceptable spoil medium.

Macronutrients and micronutrients

Extractable-nutrient levels were analyzed in 43 overburden samples from
six sites in the Susitna lowland (table 22). Results indicated that the sam-
ples were deficient in the major plant nuctrients nitrogen and phosphorus (and
sometimes potassium); these nutrients would have to be added 1f the overburden
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Table 24. Geomelric means {(ppm) for certain trace-element conlents in overburden sumples from the Susitna Lowland (present siudy), Capps coal field, and

suiles from other areas in the conterminous United States (Hinckley and others, 1982).

Capps field
overburden, Ft. Union Kimbeto, Cretaceous
Rock Susitna Lowland Beluga area Fm MN.M. overburden San Juan Basin

Trace element type? overburden 1979 1980 overburden overburden suite Topsoils Minesoils

Boron 1 22 17 - 42 13 14 7 13
2 37 26 59 19 28

Chromium 1 -- 35 3 46 19 18 99 14
a2 -- 61 70 72 30 43

Coball 1 12 7 5 11 8 4 5 o
2 16 S 8 9 12 9

Copper 1 28 11 23 14 14 7 10 15
2 51 40 43 38 39 30
2 26 20 37 11 16 13

Manganese 1 761 167 412 233 183 75 260 240
2 804 302 303 300 105 209

Molybdenum 1 <1¢ 2 - - 2 2 2 > )
2 <10 2 - & 3 2

Nickel 1 26 23 24 26 12 10 9 i
2 52 36 38 30 23 27

Vanadium i - GO 71 5 60 37 45 56
2 1% 11T 86 90 21

Yitrium 1 17 15 30 26 19 97 3%
2 .- 28 21 19 33 30

Zinc 1 60 61 102 62 81 35 48 56
2 100 108 143 59 80 105

A1 -Coarse graned (sandstones)

2-Fine pramned (elayslones),
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Figure 56. Range of certain trace elements in overburden materials at six sites in the Susitna lowland.
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were to be used as a subsoil medium. The overburden material was not defici-
ent in the common micronutrients (iron, manganese, 2inc, boron, molybdenum,
and copper) although zinc, boron, molybdenum, and manganese levels in some
sanples may poinc to a potential problem with metal phytotoxicity,

In summary, coal overburden evaluations of the Susitna lowland samples
yielded six main results: (1) poor texture zones can occur in regraded spoil
materials that will cause drainage and revegetration problems; (2) any acidity
problems will be minor and localized; (3) the potential for development of
saline-sodic soil conditions is low; (4) toxic levels can result locally from
certain trace elements such as boron, molybdenum, and lead in spoil materials;
(5) positive growth response can be expected when macronutrients nitrogen and
phosphorus are adaed; and (6) certain micronutrients (zinc, boron, molybdenum,
and manganese) are not deficient but can cause problems of local metal
phytotoxicity.

CONCLUSIONS

The Tertiary Kenai Group of the Susitna lowland in southcentral Alaska
contains substantial reserves of subbituminous coal suiltable for surface min-
ing. Most coal resources occupy a crescent-shaped belt along the western and
southern margin of the Susitna lowland. Although estimuates of resources and
reserves vary significantly, total mineable reserves amount to several billion
tons. These coals are especlally attractive because of their extremely low
sulfur content and their proximity to prospective Pacific Rim markets.

The coals are generally comparable in quality with those of the Powder
River basin in the western U.S. Calorific and mean-maxinum-reflectance values
indicate that most Susitna lowland coals are of subbituminous rank.

Although the coals are laterally discontinuous and sometimes high in ash
content, the numerous seams--particularly within the Tyonek Formation--and the
geochemical and physical character of the enclosing strata make several coal-
fields economically attractive., Subsurface information is, unfortunately,
scant, and the true extent of these deposits is unknown.

Petrologic studies indicate that most Susitna lowland coals originated in
forest~moor environments within the telmatic zone. Northern Yentna field coals
(upper Tyonek and Stctling Formations) probably originated in a drier paleoen-
vironment (perhaps in the terrestrial zone) from tree-vegetation peats,

Overburden 1s low in sulfur (<0.5 percent), which occurs mainly in the
organic form. Acidity and high levels of soluble salts and adsorbed sodium do
not appear Lo constitute major problems. Isolated acid conditions, however,
can develop, and levels of certain trace elements in overburden materials,
regraded spoils, and surface and ground waters should be monitored. Textures
in the regraded-spoil profile can pose drainage and revegetation problems.
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G1t

Locale
no.

w

11

12

13

Location

Beluga River

Beshis Bay

Camp Creck
(Fairview Mun
area)

Canyon Creck

Canyen Creek

LCanyon {reck

Canyon Creek

Canyon {reek

Canvon Creek

Canyan Creek

Canyon Creek

Capps Glacier ares

Capps Glacier avea

Code

ER

BE

UpC

Catll

CnC2

Cnld

CnCq

CnC5

CnCs

CnC?

CaCs

CG1

CcG2

Quierop-section
thickness

Approximalely
L50 [t gezeribed

80 It

2011

Approximately
150 It, only part
of section deserrbed

200t exposed

eo-50 M

50 [L ex posed

Only 10-15 Iy Lo
first Leveace above
slream

2511

Varies lalerally

Approsimately
25 (L exposed and
acecssible

251

Table A1, Coal iocales

Maximuem
coal-bed

MNo. of coal beds thickoess Bip General comments

Over 12 observed. 100t 35° MNumerous seams exposed laterally along river, Coals appear to be subbituminous;

7 deseribed in predaminzatly dull, blocky, and hard; locally platy and bony, Thicker seams

seclion near basal part of section have thin claysione partings. Underclays typieally
medem+icay sandy claystongs. Sand content generally inercases upward in the
section See app. C for deseription of coal-bearing section.

1 51t 30¢ Dull, blocky coal with ocecasional thin vitrain bands, seam exposed zlong ooasl
in 10-mi long beacherop of Beluga Formation. Overburden and sealrock consist
predominantly of pebble sandstone and conglomerale, sandstone, light brown,
medium grained, loczlly dayey, Top of section contams very large boulders up
to several feet in diameter.

1 15 L 37¢@ Predominantly dull, platy coal, becoming blocky toward basal potrtion; locally,

exposed bony. Highly weathered on surface owtcrop. Exposed for about 200 (L along
Camp Creek. Overbnrden and sestrack not exposcd

1 14N 402 Predominantly doll, blocky ecal, bul with abundznt thin vitrain bands. lsclated
bicck of Tertiary Kenai Group sirata, Gravel (with cobbles generaily <I1 Tt diam}
covers overburden seclion,

1 10 ft 3%3° where Thermally altered{?) bed locally severcly contoried berause of siructural deforma
bedded, locally tion, Rim of bighly exidized sronsione (hematite) forms aureole becavre of
conarbed cifegts of natural buening of coal bed.

. - Crudational zones of burn Lhat include hghi-gray baked claystone with abundant
plant lossils; cream-colored baked claystone: pink Lo lightred scorizecous elinker
with abundant hematite; and dark-red Lo maroon burn {pure hematile, localiy
spocular).

1 Over 20 [1 Shighl dip Site about 50 yd zovth of jarge burn arca a1 CaC3, Coal localiy appears thermally
sliered (bright, vitreous, with conchoidal fractwre) Large talus slope beneath
coal prevents exact determination of Lhickness and sampling ol seatrock,

1 Ahout 20 7L 157 Locala is just sauwih of CnCl Good exposure of sealrack. Sec app. © for deserip-

exposed tion of coal-bearing seclicn.

1 & fLexposed  MNearly hori- Beam exlends below strcam. Locally, sliphtly slumped. Rool and Noor not ex-

Lo ergek zonial posed. .
level

] 10 Stecp Swiface-weathering pattern on coal very distinctive. Possible voleanic-ash pan-
ing (tonstein), See app. € for deseription of coal-bearing section.

1 14 ft Sironp Complets seam Lhickness ¢xpased with claystone pverburden and seatrock Qual-
ity of seam deleriorates noticeably in basal 2.3 . See app. € for deseription of
coal-bearing section.

2 beds, Walerfal! Tep & ft 10% Capps znd Water[all beds exposed agross valley, Area heavily vegetawed znd

and Capps beds; exposed largely inaceessible, Scatroch it claystone: medium gray, sandy. firm, breaks

only Waterfall
accessible

in ¢onchoidal blocks, with lacal yellow to orange pocthitic staining.

Section underlying Capps bed includes iron-oxide-stained, ¢parsegraimed sand-
stone with interlayered hemalile bends and medivm-gray, mediem-grained hard
sandslone,
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Lacale

no. Location

14 Capps Glacier area
15 Capps Glacier ares
16 Capps Glacer area
17 Chuitna River

18 LChultna River

19 Chuitna River

20 Chuitna River

21 Chuitna River

22 Chuitna River

23 Chuitna River

24 Chuitna River

25 Chuitna River

26 Chuitns River

27 Coal Creek

Code

CG3

CG4

CGo

CR1

CR2

CR3

CRY

CR3

CRé&

CR7

CRE

CR%

CR1O

cC1

Outaop-scetion
thickpess

301t

50 ft

1301

30 fi exposed

20 I exposed

101

Usually <10 1

200N

Up o 80 lt exposed,

bul kagely inacces-
sible

GO

50 fi

990 fi

200 1L

Tabie Al. Coal locales {cont.)

No. of coal beds

1, Capps bed

2, Capps and
Waterfall beds

Mzximum
coal-bed

thickness

Top 6 f1
exposed

About 20 It
axposed

About 30

10 ft ex-
posed

Aboul 6 it
exposed

Varics,
generally
4-6 M ox-
posed
8t

F20 1T

10

30N

Gt

Dip

10

Slight

Slight

30°

30°

30°

49

Nearly hori-

rontal

50

<50

15¢

General commenls

Overburden sirata includes praedominantly medium: to dark-geay carbonaceous
claystone and dark gray o black flissile, carbonaceous shales, One thin bed of
calcareous sandstone (posasibly siderite} with plant-leal fossils, Seatrock macces.
sible. See app. C far deseription of coal-bearing section,

Good lateral exposure of Capps seam along headland tributary of Capps Creek.
One prominent volcanic-ash parting and several other minor partings oceur with.
io lhe coal seam. Locally hurned. See app. C lar deseription of the coal-bearing
seclion. .

Ohserved from across the valley on the south wall of Capps Creek canyon along
inaccessible clif(s, full thickness of coal beds exposed.

Whitewealhering pebbly sapdstonc beneath the Chuilna bed; coarse pgrained,
locally slightly clayey: coal forms an anticlinal rim around top of outerop.

Back of anticlioe, ¢xposure of Chuitna eoal bed.

Exposure of Chuwilna bed aleng stiream. drainsge: one limb of anticline forms
bottom of siream bed. See app. C (or deseriplion of coal-bearing seetion,

Coal atl this locale is m the northewst-trending anlichine described at CR2 and
CR3.

Two searns separated by a 1,5-N parting of claysione, Coal cxtremely weathered
2! this exposure. See app £ for description of coal-bearing seetion.

Oulcrop of seatrock of Chuitna bed; weathered, [riable sandstone and louse sand,
relatively clean, fine to medium-grained, predominantly quartz, but with dis-
serninaled black organic matler and axtremely line muscovile akes.

Quterop of baked sundsione and shale wilth imprints of Jeal fos.ts, Bura ma-
Lerizl—scoria, porcelianite, clinker, ‘red dog.” Differenl stages of ocxidation and
varieties of vesicular hematte; local admixtures of pyrofusite (MnO2),

Distinctive differential westhering surfzces (anaslamoses) ga sandstone ool
rack of Chuilne ccal bed, The basal portion of the coal hed (1-2 i) appears Lo
be burned, Described {rom acrow viver,

Good exposure of Chuitna bed along southwest wall of promontory, Possible
volcanieash parting within coal seam, See app. € for description of coal-bearing
section

Exposure includes large area of scoria and baked shale above Lhe coal bed on the
south valley wall of the Chuilna River. Monocline on westward exlension (pos-
sibly resulting from [Tault drag) flattens out to the east. Extensive burn talus
slopes toward bagal portion of oulcron, S2¢ app. C for deseription of coal-bearing
seoticon,

Thick section of Kenay Group sirals exposed without coal beds, predeminantly
petramiclic conglomerates and pebbly sandstoncs, bul wilh thin carbonaceous
shale and clayslance inwerbeds, Section overhies coal-bearing slrala downstream.
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29

30

-3l

22

34

33

36

38

ag

40

4%

42

Coal Creel;

Coal Creek

Drill Creek

Fuairview Min.

Fairview Min.

Friduy Creck

Johhzon Creek

dohnson Creck

Johnzon Creek

Petarsville arga

Peicrsville area

Petersville aren

Saturday Creek

Saturday Creek

Baturday Creek

cC2

CC3

DC

FM1i

Fmz2

JC1

Pal

PaS

5C)

10 fy exposed

A0 fL exposed

80 It exposed

200 1L

00t

0on

200 M1 only basa!
20 ft deseribed

1500

30 fu exposed

VYares laterally

3011

5001

400

3, only lewer bed
accessible

)

2 fu

Aboul 25 Mt

>500

41t

4

12 fi ex-
posed
down Lo
creck lavel

<1l

61t

4L

2 1 ol coal
soparated by
0.5 parling

81

10 (L

Nearly bori-
zontal

4%

209

59

=3
o

Mearly hori-
zontal

Moderate

Near vertical

30°

32°

Thin coal seam with roof and floor exposed, Deseribed from across stream,

Good exposure of coal seamn and sealrock, but roof is covered. Duterop la:geis:r
ina¢eessible,

Coal platy to slightly blocky, fwm Lo hard with interbands of vitain, Coal ex-
posed n shallow synclinal basin on sonthern bank of Drill Creek Barnes (1966)
reporled Lhat thizs bed was expesed in a sampling trench excavated by the U5,
Bureau of Mines in 1980,

Seams A'F. The two lowest cozl beds (seams A and B) are poorly exposed and
highly weathered. The coal beds could vhicken considerably downdip. Overburden
section consists predominantiy of petromictic conglomerates with coal and
graphite cobbles and gravels. Ser app. C lor desciption of coal-beanng section.

Represents twe lowest beds exposed at FMI (seams A and B). The coal beds
were exposed oniy by extensive digging al an outerop on the northwesl slope of
Fairview MounLain. Sce app. C (or description of coal-beazring section

Coal i» hard, plaly, ashy, locily wilrain-banded, bul predominantly duil. Roof
and floor unexposed.

lower section of exposuwre is composed of dark-gray graphitic claystone and
graphile with whilte guarts veins, [racture (ills, and nodules, A white caleite zone
and an aquarnarine weathering rim {orms the boundary belween Lhe graphile and
quarts,

Coal appears thermalty aliered, vitreous, with conchoidal fracture, Carbonaceous
shale {orms roof znd fioor. See app. C for deseription of coal-bearing section,

Crops out in south wall of ereek Predominantly a dul}, platy cozl wilh few oter-
banded bright coal Jayers, Located at base of quariz-pebble conglomersle and
pebbiv sandstone sequence. Coal bed has thin carbonaceous claystane parting
toward base. lronstone nodules occur lacally in the rool and floor material,
Some burn material in immediate arca, See app. C lor deseripion of coal-bearing
seetion.

Outcrop located on west wall of Short Creck, 2 sonthward-Rowing tnbulary of
Cache Creek Rapid vertweal and laterzl chanmes in lithologic facies. Coals are
tiin, hard, dull, and blocky, Overburden includes a claystone with distinetive
coalified rootiets near the top of the sirztigraphic sequence, See app. C lor de-
seription of coal-bearing section.

Passible voleame-ash parling 1 center of eoal seam, Coal s woody, A dark-gray
carbonacepus, {eldspathic graywacke stands In relief about 15 {1 above coal bed.
Exposure on southwest wall of tributary of Soulh Fork Creck on southeast flank
of Peiers Hitls. See app. C for descriplion of coal-bearing section,

Quterop located on Polers Oreek near Lampoon Pond. Pebbly, conriegraingd
sandstane roof and floor expesed.

Banded claystone unit beneath coal exposed at SC2, Unil contains large oval
comerelions (up to 5 ML diam) with hard sndslone centers. Some concrelions
have abundant coal banding and carbonaceous root, branch, and leal impressions:
others have iron-rich {hematite ) cores,

Possible flow-roll {ball and piliow) structures exhibiled in prominent ledpge about
6 It below bottom of coal seam, See app. C for description of coal-bearing section,

Channel cutout (exposed in ¢ross section) al west side of oulcrop; channel fiiled
with sandstone and conglomerale See app C for descripiion of coal-bearing
seetion,
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Locale
RO. Location

43 Saturday Creek

44 Skwentna River
45 Sunitower Croek
46 Talzchulitna River
47 Wolverine Creek
48 Waolverine Craek

Code

SR

SulZ

TR

wil

wC2

Cutaop-section

Table Al. Coal locales (cont.)

thickness Na. of coal beds
90 It 4
&0 {t exposed 2, only upper seam
accessible
7Ot 1
1010 1
Varies laterally 2
Varies laterzally 2

Maximum
eval-bed

thickness

31t op

2 beds
separated

by 2-fi
partling
Upper soam
2t lower
Seam approx,
5 [t exposed

> 80G T

38t

Tt

210

Dip

259

Top 257, basal
part of bed
approx. 50¢

18

Nearly vertical

Bleep

General comments

Overburden largely covered bul ¢claystone roofl of 1op seam cxposed by wenching.
One 0.3 (i sitiager of extremely hard coal thal has conchoidal fracture. See app.
C for description of coal-bearing stetion,

Second seam of coal crops out aboul 100 yd west al stream level. Claysione
rool and carbonaceous shale MNoor exposed. Coal predominantly dull, platy,
lecally bony; qualily delericeates toward hase of seam Sce app, C for descrip-
tion of coal-bearing section

Lower portion of bed slumped. Roof and seatrock of voal nol zxzosed, Appears
to be very loczlized, near Mesotoic rocks. See app. C lor deseription of coal-
bearing section.

Melamorphosed  Jursssic-Cretaceous groenstone roeks faulled and juxtaposed
against coal aboul 100 7t upstream, See app, € for description of coal-bearing
section,

Located al northern extremity of Mount Susitna, Twe seams exposed, bui section
probably repeated Claystone roofl and Moor well exposed,

Clayswone roof of upper seam conlains dislinctive jran-rich (hematite core; limo-
nile rim} seplarian nodeles up 1o 2 in diam, See app. C {or description of coal-
hearing sechion,
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Locale

no.

Name

—

10
11
12

13
14
15

i6
17
18
19
20

22
23
24
25

26

Beluga River
Beshta Bay

Camp Creek

Eanyon Creek

k]

Capps Glacjer area

Site
code

BR1
BBl

CpC1
CnC1
CnC2
CnC3
CnC4

Cn(C5
CnCé

CnC7
CnC8
CG1

cG2
CG3
CG4

CGs
CR1
CR2
CR3
CR4
CRE

CR&
CR7
CRS8
CR9

CR10

Table A2, Sample inventory.

Sarnples
Ovwerburden,
inter burden
{partings), and
Coal seatrock Petrographic Comments
5 11 0 Bee app. Cfor sample locations.
BB1-1 {channel) 0 BBl-1p Grab sample for petrography taken near center of
cuicropping seam.
CpCl-1 (channel) 0 CpC1-2 thru Petrographic samples taken at intervals within seam.
CpCl-7
CoC1-1 {channel) o CaCl-2 thru >
CnC1-7
CoC2-1 {channel) 0 CnC2-2 thru »
CnC2-6
Q CnC3-1 thru 0 Samples of gradational zones of burp material.
CnC3-5
CoC4-1 {channel) ] CoC4-2 thru Petrographic samples taken at intervals within seam.
CrC4-11
0 4 0 See app. C for sample locations.
CnC6-1 (channel} 0 CnCH-2 thru Petrographic samples taken at intervals within seam.
CnCB-6
1 (channel} 0 9 See app. C for sample locations.
1 {channel) 3 o ”
CG1-1 (channel) CG1-1 unel CGl-1p Petrographic sample taken near middle of out-
cropping portion of seam.
0 0 0 No samples collected.
1 {channel} 9 3 See app, C for sample locations.
5 (channels of 2 10 ”
seam and por-
tions of)
0 0 0 No samples collected.
¢ CR1-1 ¢ Sample of white-weathering pebbly sandstone.
¢ 0 0 No samples collected.
1 (channel) 2 1 See app. C for sample locations.
0 0 0 No sampies collected.
2 (channels of 1 2 See app. C for sample locations.
portions of searn}
CR.6-1 {channel) 0 o ---
0 CR7-1 ) Baked sandstone.
0 9 o No samples collected.
2 {channels of 2 7 See app. C for sample locations.
portions of seam)
1 {channel} 1 5 See app. € for sample locations.
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Table A2. Sample inventory (cont.)

Locale Site
no, Name code
27 Coal Creek cC
23 ” CcC2
29 " CC3
30 Drill Creek DC1
31 Fairview Mountain FM1
32 ” M2
33 Friday Creek 1
34 Johnson Creek JC1
35 * JC2
36 " JC3
37 Petersville area PAL
38 » PAZ
39 i PA3
40 Saturday Creek SC1
ES * 5C2
42 " SC3
43 ” 5C4
44 Skwentna River SR1
45 Sunflower Creek SuCl
48 Talachulitna River TRy
47 Wolverine Creek Wl
48 b WwC2

Samples
Overburden,
interburden
{partings), and
Coal seatrock Petrographic Comments

0 0 0 No samples collected.
0 0 0 "
CC3-1 thru CC34 CC3 uncl CC3-1p thru Petrographic samples taken near center of channeled
(channeis of seam. CC3-4p sections of outcropping seam.
DCt-1, 0 DC1-ip Petrographic sampies collected near center of
DC1-2 DC1-2p channeled sections.
{channels top and
bottom half of
cubcropping seam)

10 9 See app. C for sample locations.
3 4 4 rn
FrC1-1 {channel) 0 o .-
0 JCi-1 0 -

JCi-2

JCi-3
1 {chanoel) 3 1 See app. C for sample locations.
2 (channels) 4 ¢ "
3 {chanuels) 35 2 ”
1 (channel) 2 i ”
2 (channels) 1 2 ”
0 5C1-1 0 - .-

SC1-2
2 1 2 See app. C for sample locations.
1 3 3 ”
4 9 6 ”
1 3 2 »
G 0 G No sampies collected.
i 2 1 See app. C for sample logations.
2 4 2 "
4 11 3 *



Site
code

Table A-3. Specific location information for Susttna lowland coal and overburden sampling sites.

Coal-regource
region

BR1
BB1
CpC1
CnC1
CnC2
CnC3
CnC4
CnC5
CnC6
CnC7
CnC8
CGa
CG2
CcG3
CG4
Cab
CR1
CR2
CR3
CR4
CRb
CR6
CR7
CRS8
CRS
CR10
CCi1
CC2
CC3
DC1
FM1
FM2
FC1
Jc1
dc2
JC3
PAL
PA2
PA3
SC1
8C2
5C3
SC4
SR1
SuC1
TR1
WC1
wC2

Southcentral
Southcentral
Southcentral
Southcentral
Southcentral
Southcentral
Southcentral
Southeentral
Southcentral
Southeentral
Southeentral
Southecentral
Southeentral
Southcentral
Soulheentral
Southcentral
Southcentral
Southcentral
Southeentral
Southcentral
Southeentral
Soulheentral
Southcentral
Southcentral
Southeeniral
Southeentral
Southeentral
Southcentral
Soulhcentral
Southeentral
Southeentral
Southcentral
Southecentral
Soulhcentral
Southcentral
Southeentral
Southcentral
Southcentral
Southcentral
Southeentral
Southeentra)
Southcentral
Scuthcentral
Southcentral
Southeentral
Southeentral
Southcentral
Southeentral

Quadrangle Township Range Section LatiLude Longitude
Tyonek A-4 13 N. 11 W. 14 61°12°46" 151°11°3"
Tyonek A-4 11N, 11 W. 15 61°1'54" 151°18°27"
Talkeetns B-3 27 N, 12 W, 27 62°23°43" 151928'46"
Tyonek D-6 19 N, 13 W, 6 61°45'56" 151°41'18”
Tyonek D-b 18N, 13 W, 7 61°45'27" 151°942°14”>
Tyonek D-5 19N, 13 W. 7 61°945°24" 161042°14"
Tyonek D-5 19N, 13 W, 7 61°45'21" 151°42'9*
Tyonek D-5 19 N, 13 W, 6 61°45°52" 151°41'13"
Tyonck D-5 20 N, 14 W. 35 61046°42” 151945'26"
Tyonek D-6 20 N, 13 W. 19 61°48°10" 151942'36"
Tyonek D-5 20 N, 13 W, 19 61°48°5" 151941°'36”
Tyonek B-5 14 N. 14 W. 16 $1018°7" 151946°30"
Tyonek B-5 14 N, 14 W, 23 61°17°21" 151943'18"
Tyonek B-5 14N, 14 W, 13 61°17'67" 151943’3"
Tyonek B-5 14 N. 14 W. 27 61916°50" 151446°15"
Tyonek B-5 14 N. 14 W. 24 61917°13» 151°42°¢42”
Tyonek A-5 13 N. 13 W. 29 61°11'1" 151°38’'00"
Tyonek A-6 13 N. 13 W. 29 61010'58> 151°37'64"
Tyonek A5 13 N. 13 W. 28 61911'4" 161937°38"
Tyonek A5 13 N. 13 W. 28 61°11'13” 151937'37”
Tyonek A-4 12 N. 12 W. 24 6107'13" 151°18°66"
Tyonek A-4 12 N. 12 W, 6 8109'16" 151920°14"
Tyonek A-5 13N, 13 W. 35 61°10'3"" 15193230
Tyonek A-5 12 N. 13 W, 1 61°9°11" 151°30°8”
Tyonek A-5 12N, 13 W 1 61°9'23" 161°30°31”
Tyonek A-6 13 N, 13 W, 27 61°11°18" 151°35’32”
I'vonek B-5 16 N. 13 W, 26 61026°48” 151032'52”
Tyonek B-5 16 N. 13 W. 36 81°926°'13" 151931'80"
Tyonck B-6 16 N. 13 W. 36 6102610 151930'38"
Tyonck B-4 15N, 12 W, 11 81°24°16" 151922°50”
Talkeetna B-4 26 N. 12 W 7 6202162 16198440
Talkeetna B-4 26 N. 12 W. 6 62°22°4" 151°33'56>
Tyonek C-5 19N. 13 W, 35 61°41°36™ 151°35'12"
Talkeetna A-5 23 N. 15 W. 21 6203’58 1629200
Talkeetna A-4 23N, 15 W, 23 6293’49 151967°47"
Talkeetna A-4 23 N, 14 W. 30 62°3°21" 151954'18"
Talkeetna B-3 28 N. 10 W. 36 62028728 15192°6"
Talkeetna B-2 27 N. 8 W. 18 62025746 150°49°33”
Talkeetna B-2 27N, 8 W. 22 62925700 150°44'21"
Tyonek C-b 18N, 13 W. 1 61°40°24" 151933'31"
Tyonek C-5 18 N. 13 W. 2 61°40°42” 15193412
Tyonek C-5 18 N, 13 W. 2 61°40°'47" 161°934°36"
Tyonek C-5 18 N. 13 W. 2 61940°53" 161936'3”
Tyonek D-8 22 N. 15 W. 23 61°58°42" 151967'27"
Talkeetna B-3 27 N. 12 W. 26 62°24'17” 151927'3»
Tyonek C-4 19N, 12 W. 21 61°43'6" 1519927°¢”
Tyonek C-3 17 N. oW, 1 6193512 150°249'41"
Tyonek C-3 17 N, 9 wW. 24 61933'15* 1509504
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Table B-1. Concentration of major oxides In ash of rew coels (%). From Rao and Wolff, 1381.

Coal field, ASTM Thickness, Ash (%)
bed rank m (ft) Sample Si0g Als0O3 Fes03 MgO Ca0 NagO KeO TiOg MnO

Betuga, Subbit. C 9.1 UA-113 41.0 28.9 67 19 16.6 0.18 2.1 0.8 0.10
Waterfall (30)
Yentna, Lignite 3.0 UA-115 18.8 33.3 8.5 6.3 28.0 .26 1.0 1.1 0.12
Sunflower {1C)

{upper)
Yentna, Lignite 3.0 Ua-116 11.6 27.9 16.6 7.4 37.2 0.27 0.6 0.8 0.13
Sunflower {10)

(lower)

Table B-2. Concentralion of trace elements in raw coal ashes (ppm). From Rao and Wolff, 1981,

Sample Ag B Ba Co Cu? Cr Ga Mo Ni? Ph Sn v Zn* Zr
UA-113  N.D. 130 5,200 88 164 230 52 N.D. 123 116 N.D. 360 182 420
UA-115 1.3 320 5,700 35 230 160 47 ND. 130 42 48 220 100 480
UA-116 1.8 370 5,500 98 250 170 31 1¢ 165 83 28 240 120 750

*Artomic absorption.




Table B-3, Vitrinite-reflectance data as measured from
ulminite macerals, selected Susitna lowland coals.

Frequency histogram-vitrinite types (%)

Mean maximum

Sample V2 \E] V4 Ve Ve reflectance (Rom%)
BB1-1 26 42 32 0.45
BR1-1 20 70 4 4 2 0.34
BR1-4 48 42 10 0.31
BR1-8 82 38 0.38
BR1-12 46 42 12 0.32
BR1-16 74 22 4 0.38
CpC1-1 12 68 20 0.36
CnCl1-1 2 54 42 2 0.39
CnC2-1 18 70 12 0.38
CnC2-2 16 76 8 0.33
CnC2-3 98 2 0.34
CnC2-4 6 92 2 0.34
CnC2-5 8 92 0.32
CnC2-8 2 94 4 0.36
CnC4-1 44 54 2 0.30
CnC4-2 34 56 10 0.32
CnC4-3 32 82 6 0.31
CnC4-4 28 70 4 0.31
CnC4-5 4 84 2 0.36
CnC4-8 56 42 2 0.30
CnC4-7 82 16 2 0.37
CnC4-8 26 74 0.92
CnC4-9 6 72 22 0.37
CnC4-10 12 88 0.38
CnC4-11 8 88 4 0.34
CnCG6-1 12 80 8 0.34
CnC7-1 34 62 2 2 0.31
CnC8-2 4 88 8 0.34
CGl-1 42 52 6 0.41
CG3-10 82 16 2 0.36
CG4-1 32 52 14 0.42
CG4-2 8 70 22 0.36
CG4-4 14 48 36 2 0.37
CG4-5 18 68 12 2 0.35
CR3-1 76 22 2 0.37
CRbB-1 58 38 4 0.39
CR5-3 14 82 4 0.34
CR6-1 492 44 12 2 0.42
CR9-1 60 38 2 0.38
CR10-1 64 34 2 0.39
CC3-1 24 68 16 2 0.84
CC3-4 72 28 0.37
DC1-1 8 48 26 18 2 0.41
DC1-2 4 88 8 0.35
FM1-2 68 26 6 0.38
FM1-4 48 48 4 0.40
FM1-7 8 56 34 2 0,37
FM1-10 10 70 18 2 0.36
FM1-13 60 50 0.39
FM2-1 58 38 8 0.30
FM2-2 12 78 10 0.34
FM2-6 30 654 16 0.33
FM2-8 100 0.23
FrCl-1 4 64 28 4 0.38
JC3-1 2 76 20 2 0.37
JC3-5 12 66 18 4 0.37
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Tabte B-8. Vitrinite-reflectance data, selected Susilnu 1 owland coals (cont,)

Frequency histogram-vitrinite types (%) Mean maximum
Sample V2 V3 V4 V5 V6 reflectance (ﬁom%)
PALl-5 24 88 8 0.88
PA1-32 86 14 0.36
PA1-34 42 658 0.31
PA2-1 22 64 14 0.34
PA3-1 54 14 2 0.40
8C2-3 2 62 36 0.38
SC31 72 22 6 0.38
8C4-2 40 46 14 0.33
SC4-4 74 24 2 0.38
8C4-7 56 32 12 0.30
SC4-12 32 62 ) 0.33
SR1-2 12 68 20 0.86
TRI1-1 30 486 24 0.44
WCL-3 8 18 14 2 0.36
WC1-4 86 30 4 0.38
wC2-4 18 64 18 0.45
wWC2-9 56 38 6 0.38
WC2-10 38 54 10 0.42
WC2-14 84 34 2 0.88

Table B-4. Relationship between rank and vitrinite
reflectance. Modified from Rao, 1976 and
Ting, 1978, By this classification, all Susiina
lowland coals are subbituminous.

Reflectance

Rank (Rom, %)
Lignite 0.20-0.30
Subhituminous coal 0.30-0.60
High-volatile bituminous coal 0.50-1.0
Mediutm-volatile bituminous coal 1.0-1.6
Low-volatile bituminous coa) 1.6-2.0
Semianthracite 2.0-2.6
Anthracite 2.6-5.0
Meta-anthracite >5.0

- 127 -



- 871

Table B-5. Calculations relating to coal qualily.

H value of DuLong’s
Carbon Perch & Russell Fuel Lorg® Dry, mm-ree FC  Dry, mm-free VM Moist, mm-iree Btu Apparent  Mineral matter equation’

Sample ratio? ratio? ratio® {Btu/lb) (%) %y {per Ib)R rank (") {Btu/lb)
BBI1-1 50.4 .82 1.02 11,510 50,9 48.1 9,880 Subbit B 9.1

BR1-1 446 0.85 0.68 10,627 41.1 58.9 9,659 Subbit B 12.2 9010
BR]-4 41.0 .32 0.69 10,476 41.3 58.7 9,270 Subbit C 8.1

BR1-8 41.9 0.32 0.72 10,501 42.5 57.5 9,400 Subbit C 11.7

BR1-12 404 0.81 0.68 10,143 41.0 59.0 9,240 Subbit C 12.8

BR115 4.7 0.82 0.72 10,069 422 57.8 9200 Subbit C 11.4

CpCi-l 43.2 0.83 0.76 11,284 16,8 53.4 9,820 Subbit B 2.6

CnC1-1 49.8 0.87 0.98 11,336 50.0 50.0 10,480 Subbit B 2.5

Cn(C2-1 287 0.84 0.95 10,827 49.4 50.6 9,570 Subbit B 14.0

CnC4-1 49.2 0.85 0.97 11,621 496 50.4 10,270 Subbit B 8.9

CnC6-1 " 45.8 0.82 0.85 11,135 46.2 53.8 10,070 Subbit B 8.4

CnC7-1 49.2 0.86 0.97 9,833 19.6 50.4 9,830 Subbit B 7.2 9,800
CnC8-2  4%.2 0.86 0.97 10,800 49.7 50.3 10,180 Subbit B 9.4 98240
CC3a 48.7 077 0.95 10,583 49.0 51.0 9,050 Subhit C 6.4

CCz-2 16.6 0.82 0.87 10,342 47.5 52.5 9.750 Subbit B 16.5

CC3-3 47.4 0.78 0.80 7,620 48.0 52.0 9,490 Subbit C 10.0

CC3-4 44,9 0.78 0.81 9,782 45 4 51.6 9,240 Subbit C 10.9

CG1-1 47.4 0.76 0.980 10,265 47.8 52.2 9,050 Subbit C 8.0

CG3-10 397 0.76 0.66 8,072 41.8 58.2 5,490 Subbit C 33.8 6,650
CG4-1 48.8 0.82 0.95 9,071 50,3 49.7 9,430 Subbit C 24.1 8.020
CG4-2 46.6 0.87

CG4-3 16.0 0.80 Q.85 10,203 46.6 53.4 9,490 Subbit € 9.8

CG4-4 50.2 0.81 1.01 11,482 51.44 48,6} 9,380 Subbit ¢ 19.4

CG4-5 47.0 0.531 0.89 11,599 48.1} 51.9) 9,500 Subbit B 20.1

CRi3-1 526 0.33 111 11,435 53.8 46.4 9,990 Subbit B 17.8

CR5-1 45.3 0.82 0.63 9,223 45.9 54,1 9,370 Subbit C 11.7

CR5-3 44.6 0.83 0.80 9,879 44.9 55.1 9,660 Subhit B 7.1

CR&-1 46.1 0.85 0.86 9,606 46.6 53.4 2,190 Subbit C 109

CR9-1 16.5 0.84 0.87 10,635 47.0 53.0 9,760 Subbit B 9.9

CR9-3 46.0 0.83 0.85 10,375 46,5 53.5 9,940 Subhit B 11.4 9 280
CR10-1 47.3 .84 0.90 11,247 48,4 51.6 10,160 Subbil B 20.9 8310
DC1-1 51.3 0.84 1.05 11,4158 51.8 48.2 10,030 Subbit B 10.0

DC1-2 48,2 058 0.923 11,282 49.2 30.8 9,930 Subbit B 18.0

FM1-2 47.5 0.85 0.90 9,736 50,4 49,6 9,580 Subbit B 38,6

FMil-4 47.1 0.84 0.89 9,986 43.8 51.2 9,820 Subbit B 285

FM1-7 50.5 0.85 0.99 10,447 50.6 494 8,870 Subbit B 16.1 8,950
FMi-10  46.7 0.84 0.88 10,240 48.4 51.6 9,590 Subbit B 26.1

FM:-13 449 0.81 0.81 11,687 45.9 54.1 10,830 Subbit A 20.2

FM2-1 42,2 0.80 0.73 10,450 42,7 57.3 B 870 Subbil C 12.5

FM2-2 43.3 0.35 0.76 10,663 43.7 56.3 9,850 Subbit B 10.0

FM2-6 36.8 0.93 0.58 9,022 41.0 59.0 10,350 Subbit B 36.0

FrCl-1 47.0 0.84 1.12 10,529 48.2 51.8 9,900 Subbit B 21.5

Joz.2 54.5 0.85 1.20 8,995 54.9 435.1 10,240 Subbil B 6.3

JC3-1 42.1 0.84 0.73 9,841 12.9 57.1 8770 Subbit C 16.7 8,270
JC3-5 45.3 0.35 0.83 8,361 46.3 53.7 9,630 Subhit B 18.9

PA1-5 45.4 0.33 0.83 8,909 46.2 53.8 9,540 Subbit B 14.7

Pal1-32 4£0.] 0.82 0.67 16,508 40.6 59.4 10,260 Bubbil B 12.0

PAL-34 26.8 (.92 0.58 10,283 38.4 81.8 11,100 Subbit A 339
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PAZ-1
PA3-)
PA33
SC2-2
3C2-3
5C3-1
5C4-2
SC4-4
8C4-7
5C4-12
SR1-2
TR1-1
WwWC1-3
W 14
WC2-4
w(Cz2.9
WC2-10
We2-14

f_FC
FC+ VM

[

M
VM

9. _Blu- 40508
100 - {M+A+5)

29.6
41.2
433
46.5
49.7
47.9
46.2
47.1
509
46.5
50.5
S1.1
54.1
44.0
47.9
49.7
29.7
49.6

xIO0

R = Moim, mm-free Btu
Py, mm-free Btu

¢ FG - D0.165

100 - {M+1.0BA +0.555)

t

® Biu - 505
300 - {1.08A + 0.555)

Mg =

100 - dry, mm-free FC

0.73
085
0.82
0.83
0.84
0.80
0.83
0.54
0.582
0.80
0.83
0.81
0.84
0.582
0.82
0.84
0B3
0.82

1.G8A + 0.553

0.65
.70
1.30
0.87
.99
0.92
0.86
Q.82
1.04
0.87
1.02
1.04
1.18

0.92
0.99
0.99
0.98

[LO0-(1 084 + 055511 /1.35 + (1.0BA + 0.555)/2.8

ig _ .
Q=1 (14,504 x BC + 62,028 (%4 - % O/g) + 4050 x % 8}

160

j‘!‘he total sulfur value used in caleulations was 0.01 when zctual value by analysis was <0.01.

9,744
8,170
7,927
9,872
10.727
10,638
9,738
10,553
10,451
10,553
8,186
12,521
9,277
9,018
9,232
13,688
11,118
10,004

40.8
42.9
44.8
46.9
500
49.]
46.6
47.5
511
417.8
51.9
51.4
54.7
46.0
49.5
51.7
50.9
51.3

59.4
57.1
556.2
53.1
50.0
50.9

32,5
489
52.2
48.1
48.6
45.3
540
505
48.3
49.1
48.7

8,660
9,430
9,276
9,210
9,670
9,600
9.190
9,700
9,790
9,620
9,560
11,509
10.236
9,660
9.840
13,090
10,090
8,710

Subbit C
Subbit C
Subbit C
Subbit C
Subbit B
Subbii B
Subbit C
Subbit B
Subhit B
Subbit B
Subhit B
Subbit A
Subbit B
Subbit B
Subhit B
Hv B bit
Subbit B
Subbit B

33 LS
e ke e 0 = D G = G 0D

oy
R R

[ R
506 SN
e G0N L b 0

£,120
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Table B-6. Classification of coals by rank.® From ASTM, 19810

Fixed carbon Calorifie value limits,

limits, percent Volatile matier limits, Btu per pound

{dry, mineral- percent {dry, mineral- {moist,©, mineral-

Class Group matter-free basis) matter-free basis) matter-free basis) Aggiomerating character
Equal or Equal or
greaier Less Greater Equal or greater Less
than than than less than than than
1. Metaanthracite 98 S . 2 .- - n
1. Anthracitic 2. Anthracite 92 a8 2 g - .- - Nonaggiomerating
3. SemianthraciteS 56 92 8 14 S AR
1. Low volatile bituminous coal 78 86 14 22 .- S
2, Medium volatile biluminous ecoal 69 78 22 31 B .- - Commonly agglomerating®
ii. Bituminous 3. High volatile A hituminous coal .- 69 31 .- 14 000! .-
4, High volatile B bituminous coal s - .- - 13 poof 14 0040
5. High velatile C bituminous coal - .- .- .. - 11 500 13 009
16 500 11 580  Ageglomerating
1. Suhbituminous A coal <. .- .- .. 10 504 11 5007
ill. Subbituminous 2. Subbituminous B coal .- <. .- .- 9 500 10 500
3. Subbituminous C coal - - e - .- 8 300 9 500 ~ Nonaggiomerating
IV. Lignitic 1. Lignite A e .- ce- .- 5 300 8 300

2. Lignite B --- 6 300

ATFhis classification does not include & few coals, principally nenbanded varieties, which bave unusual physical and chevmeal properties and which come within the limits of fixed carbon or
calorific value of the high-volalile bitumineus and subbitumincus ranks. All of these coals eithex contain Jess than 48% dry, minezal-matter-free fixed carbon or have more than 15,300 moist.
mineral-malter-lree Brilish thermal unils per pound,

American Society for Testing and Materials, 1981, Standard specifications for clagstiication of ¢oals by rank (ASTM designation D-388-77): 1981 Aonual book of ASTM standards, parl 26,
P, 212-216.
Cuoist refers Lo coal conlaining its naturai inherent moisture but not including visible water on the surface of the coal,
1§ agglomerating, clasafy in low-volatile group of the bituminouws ciass.
®I4 15 recognized that thexe may be nonagriomeraling varieties in these groups of the bytuminous class, and Lhat there are notabie cxcepticns in high velatile C biiuminous group.
Coals having 69% or more fixed carbon or the dry, mineral-maiter-free basis shail be classified according to fixed carbon, regardiess of ¢alorific value.



Table B-7. Total sulfur, selected Susitna lowland coal
samples.

Total sulfur (%)

Sample 12 2 3

BR1-4 0.16 0.1%5 0.21
BR1-8 0.12 0.28 0.26
BR1-12 0.22 0.26 0.30
BR1-15 0.21 0.26 0.28
BR1-1 0.10 0,12 0.14
CpCl1 0.08 0.08 0.09
CnC1-1 0.14 0.16 0.18
CnC2-1 0.11 0.18 0.15
CnC4-} 0.09 0.10 0.11
CnCé-1 0.11 0.13 015
CG1i-1 0.23 0.29 0.32
CG3-10 0.40 0.48 0,66
CG4-3 0.31 0.38 0.438
CG4-4 <0.01 <0.01 <0.01
CG4-5 <0.01 <0.01 <0.01
CR3-1 0.11 0.13 0.16
CR6-1 0.41 0.49 0,67
CR5-3 0.34 0.40 0.44
CR6-1 0.23 0.27 0.30
CRY9-1 0,19 0.23 0.26
CCs-1 0.21 0.27 0.29
CC3-2 0.27 0.32 0.39
CC3-3 0.78 0.91 1.03
CC3-4 0.35 0.44 0.50
BC1-1 0.09 0.11 0.12
DC1-2 0.11 0.13 0.16
FM1-2 0.18 0.21 0.36
FML-4 0.28 0.27 0.89
FM1-10 0.18 0.20 0.28
FM1-18 0.22 0.24 0,31
FM2-1 0.11 0.13 0.16
FM2-2 0.17 0.19 0.22
FM2-6 0.22 0.23 0.53
FrCl-1 0.20 0.23 0.30
JC2-2 0.81 0.71 0.76
JC3-6 0.52 0.61 0.76
PA1-S 0.47 0.56 0.66
PAL1-32 0.36 0.44 0.50
PA1-34 0.28 0.30 0.46
PA2-1 0.30 0.35 0.47
PA3-1 0.44 0.50 0.73
PAS-3 0.64 0.64 0.85
8C2-2 0.23 0.27 0.29
SC2-3 0.16 0.19 0.20
8C4-2 0.26 0.31 0.35
SC4-4 0.20 0.23 0.25
8C4-7 0.31 0.38 0.39
SC4-12 0.24 0.29 0.39
SR1-2 0.63 0.63 0.85
TR1-1 0.32 0.40 0.42
WC1-8 0.56 0.66 0.73
WCl1-4 0.38 0.44 0.67
WC2-4 0.43 0.51 0.70
WC2-9 0.28 0.33 0.48
WC2-10 0.17 0.19 0.25

wWGC2-14 0.25 0.30 0.42

21 - Asreceived
2 - Moisture free
3 « Moisture and ash free
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Table B-8. Sulfur species, selected Susitna lowland coals (%).

Ovrganic Pyritic Sulfate Total

Sample 12 2 3 1 2 3 1 2 3 1 2 3

BRI1-1 0.12 0.14 0186 0.01 0.01 0.01 0.01 0.01 0.01 0.14 0.16 0.18
CnC7-1  0.31 0.37 0.39 0.01 0.01 0.01 0.03 0.03 0.04 0.35 0.41 0.44
CnC8-2 0.20 0.23 0.25 <0.01 <0.01 <0.01 0.01 0.01 0.01 0.21 0.24 0.26
CG38-10 0.15 0.20 0.31 0.01 0.01 0.02 0.03 0.03 0.05 0.15 0.24 0.38
CG4-1 0.20 0.23 0.31 0.01 0.01 0.02 0.03 0.04 0.06 0.24 0,28 0.38
CR9-1 0.18 0.22 0.26 <0.01 <0.01 <0.01 0.01 0.01 0.01 0.18 0.23 0.26
CR9-3 0,23 0.27 0.30 <0.01 <0.01 <0.01 0.02 0.02 0.038 0.25 0.29 0.33
CR10-1 0.10 0.11 0.15 <0.01 <o0.01 <0.01 0.00 0.00 0.00 0.10 0,11 0.15
FM1-2 0.13 0.14 0.25 0.01 0.01 0,02 0.05 0.08 0.09 0.19 0.21 0.36
FM1-4 0.20 0.24 0.34 0.01 0.01 0.02 0.02 002 0.03 0.23 0.27 0.39
FM1-7 .14 0.16 0,18 0.02 0.02 0.08 0.04 0.05 0.05 0.20 0.28 0.27
FM1-10 0.17 0.19 0.26 0.01 0.01 0.02 <0.01 <0.01 <0.01 0.18 0.20 0.28
FM1-13 0.21 0.23 0.30 0.01 0.01 0.01 <0.01 <0.01 <0.01 0.22 0.24 0.31
FM2-2 0.15 0.17 0.20 0.01 0.01 0.01 0.01 0.01 0.01 0.17 0.19 0.22
FM2-6 0.21 0.22 0.51 0.01 0.01 0.02 <0.01 <0.01 <0.01 0.22 0.238 0.63
JC3-1 0.18 0.22 0.26 0.02 0.02 0.03 0.05 0.06 0.07 0.25 0.30 0.36
SC2-2 0.18 0.21 0.22 0.02 0.02 0.03 0.03 0.04 0.04 0.23 0.27 0.29
8C2-3 0.11 0.13 0.14 0.01 0.01 0.01 0.04 0.05 0.06 0.16 0.19 0.20
38C3-1 0.18 0.22 0.29 0.01 0.01 0.02 0.03 0.04 0.05 0.22 0.27 0.36
8C4-2 0.24 0.29 0.33 0.01 0.01 0.01 0.01 0.01 0.01 0.26 0.31 0.85
8C4-4 0.18 0.21 0.23 0.01 0.01 0.01 0.01 0.01 0.01 0.20 0.23 0.26
SR1-2 0.40 0.48 0.64 0.01 0.01 0.02 0.12 0.14 0.18 0.53 0.63 0.86
TR1-1 0.31 0.39 0.41 <0.01 <0.01 <0.01 0.01 0.01 0.01 0.32 0.40 0.42
WC1-3 0.19 0.22 0.24 0.04 0.06 0.06 0.33 0.39 0.44 0.56 0.66 0.78
WC2-10 0,156 0.17 0,23 0.01 0.01 0.01 0.01 0.01 0.01 0.17 0.1¢ 0.26

21 . As received; 2 - molsture free; 3 - molsture and ash free.

Table B-9. Ash (%) and chemical analyses on coal from the Beluga field,
as-received basis (ppm). From Conwell, 1977b.

Field
sample  Ash (%) As® F¢ Hgd Sb® Sef The ug
1 22.8 60 146 ©0.07 19 02 5.0 1.7
2 17.9 75 90 004 12 0.2 <30 1.35
3 8.6 80 50 0.04 1.0 <01 <80 0.71
4 10.1 60 3 004 05 01 <30 0.65
5 13.9 40 110 0.05 16 0.4 53 1.50
6 7.8 20 20 002 08 <01 <30 0.76
7 5.0 20 25 0.03 04 <01 <30 <0.20

Apctermined gravimetrically (ashed at 626°C),

Determined by graphite furnace - atomijc absorption method.

?)etarrnined by specific-ion-electrode method.
Determined by wet oxidation + atomic absorption method,
°Detarmined by Rhodamine-B method.
Determined by X-ray fluorescenca.
EDestormined by delayed-neutron methoa.
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Table B-10. Chemical analyses on coal ash, mejor oxides, and chiorine (%) of coal from the Beluga field. From Conwell,

19770,

Field

sample Al,03  Si0y Ca® Py05  TiOy MnO FeyOp Ko0 Mg NagO* 803 O
1 27 51 30 <10 087 005 38 240 118 817 26  0.20
2 28 47 5.6 <10 085 005 3.4 220 138 019 21 020
3 25 33 130 1.2 084 005 43 120 146 018 7.6 0.20
4 30 32 110 <10 146 005 42 032 09l 016 7.8  0.20
5 23 44 63 14 120 005 38 190 320 023 30  0.20
6 19 22 130 1.3 091 005 56 081 495 017 180  0.20
7 21 21 170 <20 084 005 30 083 553 048 150  0.20

*petermined by atomic absorption; alt others determined by X-ray Buorescence,

Table B-11. Proximaie analyses, ultimale analyses, end calorific value of coal from the Beluge field. From Conwell, 19775,

Proximate analyses (%) Ultimate analyses (%) Calorific
Field Volatile Fixed value
sample Condition? Moisture matter carhon Ash Hydrogen Carbon Nitrogen Oxygen Sulfur {Btu)}
17 1 7.0 41.3 36.0 15.8 5.2 53.3 0.7 24.7 0.2 9,160
2 | combined 2 19.9 35.4 31.0 13.7 6.0 46.¢ 06 336 0.1 7,900
3 3 .- 44.2 38.7 171 4.8 574 6.7 19.8 0.2 9,860
4] 4 --- 53.3 48.7 .- 5.8 69.2 0.9 23.9 0.2 11,890
1 7.8 43.0 41.2 8.2 5.4 58.2 11 26.9 0.2 9,930
5] 2 21.1 36.7 352 7.0 6.3 49.7 0.9 36.0 6.1 8,460
6 ~ ¢ombined 3 .- 48.5 446 5.9 4.9 83.0 11 21.9 0.2 10,730
7] 4 .- 51.1 489 .- %3 62.2 1.3 239 0.2 11,780

21 . air dried; 2 - a5 veceived: 3 - moisiuze free: 4 - moisture and ash free.
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Table B-12. Chemical analyses on coal-ash frace elements (ppm) in coal from the Beluga field. From Conwell, Y9775,

Field

sampite B Ba
1 70 3,000
2 100 5,000
2 70 5,000
4 50 5,000
5 150 16,000
6 150 10,000
7 300 10,000

7 <1
10 <1
7 <1
10 <1
10 <1
3 <1
3 <1

485
310
325
225

Anetermined by atomic absorption; all others determined by six-step spectrographic analy s,
N - Mot deiermined or below getection,
Elementis not detected oy below limit of determination include: Ag. Au, Bi, C&, Pd, Pt, Sb, Te, W, Ce, Ge, Hi, in, Li, Re
Th, Dy, He, Er, Tm, and Lu,

Sr

v

Y

¥b

Zn?

Zr

1,500

700
1,500
1,000
1,000
1,000
1,500

700
500
300
300
700
500
500

100
70
160
150
1G0
70
70

10
10
15
is
15

10

Table B-13. Fusibilily of ash and sulfur forms in coal from the Beluge field. From Conwell, (9775,

Field
sample

- combined

LRI S

- combmed

-1 & N

Fusibility (°F)

Sulfur form {%)

139
140
163
148
3G
30
70

Enitial
Condition® deformation Softening Fluid Sulfate Pyritic Organic
1 2,350 2,420 2,520 002 0.01 0.10
2 0.02 .01 0.13
3 0.03 0.01 0.16
1 2,200 2,230 2,260 603 0.00 0.10
2 0.03 0.co 0.13
3 .04 0.00 0.14

21 - air dried, 2 - as received, 3 - moisture free,

150
200
150
300
150
150
150

. Ta, Th, Tl, Eu, Pr, N4, 3m, Gd,



Table B-14. Proximale analysis.

Healing value

Sample Moisture (%) Volatile matter (%) Fixed carbon (%) Ash (%) (Btu/lb)
12 2 3 1 2 3 1 2 3 1 2 3 1 2 3

BR1-1 14.2 <. - 44.3 61.6 534 30.8 353 406 11.2 131 -- 8480 8880 11370
BR1-4 17.2 - .- 446 53.7 6£59.0 30.9 373 410 7.4 80 -- 8530 10300 11310
BR1-8 17.8 S 41.8 650.5 b68.0 30.2 36.6 420 107 1298 -- 8310 10080 11540
BR1-12 173 . - 42.3 61,1 b69.5 28.7 35,8 405 11,7 141 .- 8070 9750 11360
BR1-15 16.7 . e 425 611 584 304 364 41.6 104 125 -- 8170 9810 11220
BB1-1 17.0 L 37.0 448 497 3786 45,2 50.8 8.4 10.2 -- 8980 10820 12060
CpCl-1 16.8 DR 48.1 551 66.7 36.2 421 43.3 2.4 28 -- 9670 11430 11770
CnC1l-1 124 KRR 40.3 48.0 b50.4 397 45.3 49.6 7.6 8.7 -- 9620 10980 12020
CnC2-1 15.0 R 37.0 435 51.4 386.1 41.8 486 129 152 -- 8240 9700 11440
CnC4-1 14.8 R 394 46,0 508 381 445 49.2 8.2 9.6 ~-- 9360 109820 12070
CnC6-1 18.3 B 428 49,3 54,1 36.2 419 459 7.7 88 -- 9820 11330 12430
CnC7-1  13.7 S 40.6 469 50.8 89.8 45.5 49.2 6.5 7.6 - 9230 10700 11570
CnC8-2 13.8 S 3986 458 509 383 44,2 491 86 10,0 -- 3230 10690 11870
CGl-1 20.3 R 38.1 47.8 52.6 343 43.0 474 7.8 9.2 -- 86840 10840 11940
CG3-10 18,6 LR 30.4 37.3 60.3 20.0 245 89.7 81.1 382 -- 5640 6920 11190
CG4-1 16.4 N 319 37.7 51.2 304 36,8 48.8 223 264 -- 7160 8460 11490
CG4-2 15.1 I 32.6 88.4 5356 284 3856 4656 239 281 -- 7060 8320 11680
CG4-3 19.0 B 382 48.0 540 33.2 41.0 46.0 89 11.0 -- 8580 10600 11910
CG4-4 16.5 S 32.6 39,1 498 329 39.3 50.2 180 21.8 -- 7560 9060 11540
CQG4-5 16.3 . - 345 41.2 63.0 306 36,6 47.0 18.6 222 -- 7590 9070 11660
CR3-1 16.5 . 32.3 38,2 474 36.8 4283 D268 164 1956 -- 8220 9730 12090
CR5-1 17.0 S 39.6 47.7 6547 328 396 453 1086 128 -- 8300 10000 11470
CRb6-3 16.2 - - 42,9 511 553 345 41.3 447 6.4 7.6 -- 8990 10720 11600
CR6-1 14.1 - - 40,8 477 539 385.0 40.7 461 100 116 -- 8200 4550 10800
CR9-1 15.2 .- .- 40.6 47,7 535 85.2 41.6 46.6 9.1 107 -- 8800 10380 11630
CRS-3 14.1 R 40.8 47.6 bH4.t 84.7 40.3 459 104 121 -- 8820 10270 11670
CR10-1 13.8 ERE 386.2 40,9 527 316 36.7 47.3 1983 224 -- 8040 9350 12050
CC3-1 21.9 R 37.1 47.4 51.2 35.2 46.2 48.8 6.8 7.4  -- 8480 10860 11720
CC3-2 16.3 R 36.6 48.7 53.3 320 38.3 46,7 15.1 18.0 -- 8160 9750 11890
CCs8-8 20.2 LR 3783 486.7 5286 3836 42,2 474 89 11.1 - - 85680 10750 12100
CC3-4 19.9 CIRECI 38.7 48.3 bH52 81.5 39.3 44.8 99 124 -- 8250 10310 11770
DC1-1 14.8 LG 37.0 435 48B.7 3%.0 46.7 513 9.2 108 -- 9030 10800 11880
DC1-2 15.0 B 36.4 41.7 51.8 33.0 38.8 48.2 168 195 -- 8150 9580 11800
FM1-2 11.8 - - 271 80.8 52.6 24,5 277 474 366 415 -- 5790 65670 11230
FM1-4 13.8 - - 31.7 86.7 529 28.2 32.7 47.1 263 306 -- 6890 7990 11500
FM1-7 13.4 R 36,1 41,7 50.83 35.7 41.2 497 148 171 -- 8290 9580 115660
FM1-10 13.8 R 33.2 38.4 533 29.1 33.7 46.7 241 279 -- 7090 8210 11880
FM1-13 11.2 - - 387 43.6 5b5B1 815 35.6 449 186 209 -- 8650 9740 13320
FM2-L 18.3 B 40.6 48,7 57.9 29.6 36,2 421 115 141 -- 71770 9510 11080
FM2-2 13.9 S 436 b0.6 6£58.7 33.3 38.7 483 5.2 107 -- 8870 10300 11530
FM2-6 7.3 R 269 27.8 63.1 151 16.4 36,9 517 557 -- 4570 4930 11130
FrC1-1 13.8 . - 35.2 408 52,9 31.2 36.3 471 188 229 - 7780 9020 11710
JC2-2 14.3 - 36.5 426 466 43.7 50.9 654.4 5.5 6.5 -- 9680 11240 12010
JC3-) 14.9 . s 40.4 474 579 294 34,6 42.1 16.3 18.0 -- 7320 8590 10480
JC3-5 13.7 R 378 43.8 546 31.3 36.3 454 172 1989 -- 7840 5090 11340
PAl-5 15.9 DR 38,86 45,9 54.6 32.1 382 454 134 159 .- 8160 8700 11540
PA1-32 16.6 R 435 521 59.9 29.1 348 401 109 131 -- 95050 10840 12470
PA1-34 8.0 AR 38.4 418 632 224 243 368 312 339 -- 7360 8000 12110
PA2-1 149 I 3.1 480 606 26.6 300 3965 204 240 -- 7480 8780 11580
PA3-1 12.7 R 356.2 40.3 58.7 24.7 28.3 413 274 314 -- 6640 7610 11080
PA3-8 16.6 e e 36.8 424 364 276 32,7 436 210 249 -- 7170 8600 113310

2) . Asrecelved
2 - Molisture free
3 » Molsture and ash free
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Table B-14. Proximate analysis (cont,)

Heating value

Sample Moisture (%) Volatile matter (%) Fixed carbon (%) Ash (%) (Btu/lb)
1% 2 8 1 2 3 1 2 3 1 23 1 2 3

SC2-2 16.0 e e 41.2 49,1 533 36.8 42.6 48.5 7.0 83 -- 8510 10130 11050
8C2-8 15.8 ca e 3%.4 46.7 503 389 46.1 497 6.1 7.2 -- 9030 10680 11520
8C3-1 17.4 s e 32,8 399 522 30.2 366 47.8 196 236 -- 75680 9180 12010
SC4-2 16.3 - - 40.6 485 53,9 84.8 41.5 46.1 83 100 -- 8370 10000 11110
SC4-4 15,5 S 41.2 488 529 36.7 43.4 471 6.6 7.8 -- 9010 10660 11560
SC4-7 18.1 R 38.8 47.4 49.0 40.3 48.2 51.0 2.8 34 - 9490 11380 11990
SC4-12  17.5 SR 83.2 40.3 63.56 288 35,0 46,5 204 247 -- 7500 9100 12080
SR1-2 14,7 --.-- 312 36,8 49.6 381.8 37.2 504 228 262 -- 7260 8520 11540
TR1-1 18.2 .- .- 879 464 490 398 48.3 51.0 4.3 53 -- 10980 13400 14150
WC1-3 16.2 .- e 3683 418 459 41.6 49.1 5B4.1 7.9 9.3 - 9350 11020 121560
WC1-4 14.2 SR 31.5 36.7 561 24,7 28.8 4395 286 3486 -- 6670 7660 11700
WC2-4 15.4 SR 32,0 379 622 294 347 478 23.2 27.4 - 7370 8710 12010
wC2-8 18.8 SR 299 346 503 294 841 497 272 313 -- 9240 10670 15540
wc2-10 14.9 SR 83.3 39.1 560.3 329 38.7 497 189 222 -- 8030 9430 12120
WC2-14 15.0 .- 30.6 368.0 b50.4 301 35.4 496 243 286 - 7180 8430 11800
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APPENDIX C
Geologic Columns with Sampling lLocations
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TERTIARY

Miocene

Beluga Formation

BELUGA RIVER SEAMS

SAMPLE
—O0 (L

BR1-16
BR1-16
BR1-14
BR1-138

~—=60 ——BRI:12

———— BR1-11
BR1-10

SITE: BR1

28

22

21

20

19

18

17

16

14

138

12

1L

10

BR1-2 >\ 2

LITHOLOGIC DESCRIPTION

Coal (Inaccessible); section discontloued.

Sandsione, clayey, medium-gray (NJ), medium-graincd,
flem,

Claystone, slightly sandy, Jight-olive-gray {BY 6/1), streak-
ed olive-gray (6Y4/1), firm,

Coal, brownish-black, dull, bony, hacd.

Sandsione, slightly clayey, oMve-gray (BY 4/1) with grav-
ish-bfack (N2) coaly inclusions, medium-grained with
dlsserninatead, very fine muscovite, friable,

Claystone, Rightly sandy, light-olive-gray (5YB8/1) with
medium-olive-gray (5Y /1) to oltve-gray (6Y4/1) streaks,
tinoly disseminated black organic matiter and thread-
Hike stringers of coal, locally iron-oxide-stalned.

Coal, black, dull, platy, boay, hard.

Sandstone, light-olive-gray (6Y8/1) with black (N1)
coaly inclusiong, medium-grained, organle, fixm.

Sandsione, clayey, light-olve-gray (6YB/1), medium-
grained, disseminated black organie mattor and fine
muscovile, locally friasble,

Sandsiono, medjium-gray (NG), medium- to coarse-grained,
abundant disseminated black organic matter (“salt and
pepper"”), {riable, soft,

Claystone, sandy, light-ollve-gray (6Y6/1) with pale yel-
lowish-orange (10YRB8/G) motiling, firm but weathered
soft locally.

Coal, black, dull, platy, hard, bony.

Sandstone, medium-olive-gray (5YB/1), specklad white

"(N8) and black (N1), organic, medium-grsined, hard

with coal spars at top; below sandstone, medlum gray
(N5), medium gralved, weathered, friable, soft.

Claysione, sandy, mcdium-oljve-gray (6YB5/1) with olive-
black (BY2/1) strcaks, vredominantly, and sandstone,
clavey, medium-gray (N8), medivm-grained, firm, ioter
bedded with few thin (less 0.5 ft) coal stringors.

Shale, warbonsececus, brownisu-gray (bY4/1), firm (o
hard, iron-rich, slightly fissile,

Coal, black, dull, hard, bony.

Claysivne, sandy, medium-olive-gray (BYbB/1) wilh fine
brownish-black (DYR2/1) coaly includons, firm, pre-
dominantly, but intérbedded with sandstone, clayoy,
medium-gray (N5), medjum-grained, Jocally weathered
and friable, and thin (less 0.5 R) coal stringers.

Coal (Inaccessible).

Sandstone, medium-grmy, modiom- to cooarse-gruined,
friabte, firm.

Coal (inaccessible).

Claystone, sandy, medium-gray, firmn, and sasandsione,
elayey, medlum-gray, medium-grained, sofl o flrm Inler
bedded.

Parting . claystone, sandy, brownish-gray (BYR4/1)
with dsrk-gray {N3) coaly inclusions, fixrm.

Coal, black, dull, platy, woody, locally bony.



TERTIARY

Oligocene-Miocene

Tyonek Formation

—0 ft

CANYON CREEK SEAM

SAMPLE

CaC6-1
CnC&-2

CnC5-3

CnCb-4

SITE CnG6

7

8

- 140 -

LITHOLOGIC DESCRIPTION

Roof coverad and inuccesslble.

Canyon Bed; coal, black, dull, blocky with f¢w vitrain
bands, hard ;locally plaly and aghy.

SEATROCK
Claystone, sandy, olive-black (6Y /1), carbonaceous, firm,

Claystone, pinklsh-gray (BYR8/1) with grayish-black
(N2) to black (N1) coaly inclusiops, ocally carbonaceous,
rooted, westhered and soft.

Shale, carbonaceous, black (N1), fisglle, highly wenthered,
soft.

Claystone, slightly sandy, pinkish-gray (BYR8/1) with
grayisn-black (N2) coaly inclugions snd bluck (N1) dis
seminated organic matter, Grm; 0.2 ft bund of gshale,
carbonaceous, black (N1), figslle, highly weathered and
soft in center of unit.

Claystone, dlghtly sandy, pinkish-gray (5YR8/1) with
black (N1) coaly inclusions anod loeal dark-yellow!sh-
oxange (10YR8/8) mottiog, fivra.



TERTIARY

Oligocene-Miocene

Tyonek Formation

CANYON CREEX SEAM

SITE CnC?

SAMPLE

— 0t

CnC7-12

B CnC7-1

CnC7-2¢

CnC7-3°*

CnC7-4¢

CnC7-6*

CnC7-8*

CnC7-7+

CnC7-8¢

CnC7-9¢

CnC7-10°¢

LITHOLOGIC DESCRIPTION

Boulders (dlamicton) up to seversnl feet In diamector.

Parting, claystone (possibly volcanle nsh), pale-yellowish-
orunge (10YR8/6) to dark-yellowish-oxange (10YRE/6),
firm.

Coal, black, dull, very hard, platy, with distinctive sur
{lclal~weathexing pattern similar to drusy quarlz i{n ap-
puearance.

SEATROCK (underolay): claystone, slightly sandy, light-
olive-gray (6Y€/1) with dark-yellowish-brown (10Y R4/2)
organjc incluslons, carbopaceous plant (ragroents, mica-
ceous, firm,

*Pelyographic sample
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TERTIARY

Oligocene-Miocene

Tyonek Formation

o S

— 20

CANYON CREEK SEAM
SITE CnC8

LITHOLOGIC DESCRIPTION

SAMPLE { Covered interva) directly above roof but includes boulders
(diamicion) to several feel In diameter toward top of
sectlon.

L Ro00f: claystone. alghtly sundy, olive-gray (5Y4/1),
CnC8-1 caxrbonaceous, soft

3 Coal, black, dull, blooky, herd, quality of comt deterl-

CnC8-2 orates signiticantly io basal 2-3 ft.
SEATROCK

CnC8-3 “Shale, carbomaceous, brownish-black (5YR2/1), soft,
smutty.

S Claystone, sandy, light-ollve-gray (5Y6/1), alightly carbo-

CnC8-4
naceous, especlally toward top, micaceous, soft to firm,
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TERTIARY

Oligocene-Miocene

Tyonek Formation

SAMPLE
—0 ft
CcG3-)
—5
i CG8-2
— 10
i CG3-3
CcGa-4
—I15
CGE-5
—20 CG3-8
R CGa-7
cGs-8
- G390
( CG3-11+
—25 ca310
S cG312*
cG313°

CAPPS COAL SEAM
8ITE CG3

- 143

LITHOLOGIC DESCRIPTION

Surficinl cover: predominantly a brown sandy loam.

Claystone, olive-black (5Y2/1) Lo brownish-gray
(5YR4/1), cerbonacoous, breaks with blocky consholdal
fragture, firm, loemlly bas pale-vellowish-orange
(10OYRB/6) to Lght-brown (BYRDB/6) goethite stedning
along weathered gurfaces and rscture planes.

Shale, carbonaceous, brownish-black (6YR2/1) to olive-
black (5Y2/1) to grayish-black (N2), fima to soft, locally
figglle with thin interbcdded )enses (Jess 1 in.) of sand-
stone, medium-gray (NB), coarse-grained, and coal (ap-
proximately 1 in. thick), bluck, bony, platy, soft und
weathered.

Claystone, slightly sandy to sandy, medium-gray (NGB),
masgve, Brm, blocky concholdal fracture and ubundant
iron-oxide staining along fracture planes and weathering
gurfaces,

Sandstone, lighi-olive-gray (5Y8/1) to medlum-olive-gray
(6YG/t), coarse-gruined, very hard, calcareous, with
abundant plant-jeat fosslls, paio-yello wish-orange
(10YR8/6) lron-oxlde staining along central (2 In. thick)
band.

Claystone, olive-black (BY2/1), wmassive, fixrm, with
abundant black, carbonaccous, fossil-leaf films, locally
wlith moderate-red (6R4/8) Lo dusky-red (6R3/4) hems-
titic oxidation slaining.

Shale, black (N1) to brownish-black (5YR2/1). sightly
oarbonaceous, fiselle, soft to {irm, Jocally highly weath-
ered.

Claystone, moderate-brown (6YRS3/4) with black (NL)
coaly Inclusions, soft to firm, breaks with concholdal
fracture, rounded Umonite on bematite nodules Lo 2 In.
diameter, thin streaks and econtorted laminae of black
carbonuaceous shale.

Shale, carbonaceous, blaclk {(N1) with Ught-brown
(BYRG6/8)weathering stains, fisslle, soft.

Claystono, olive-pray (5Y4/1) 1o olive-black (8Y 2/1), irm
Lo soft, with blocky fracture pallern.

Capps Seam; coal, black, dull, firm to hard, locally with
thin Qess 3 (n.) vitrain bands, surfaces and fractures
covered with abundani iron-oxide and sulfate stains, Jocal
gidarite,

*Palrographlc samplo



TERTIARY

Oligocene-Miocene

Tyonek Formation

S8AMPLE

>CG4-2

VN

> CG4-3

rCGL-l

>CG4-4

>CG4-b

CAPPS SEAM
SITE CG4

LITHOLOGIC DESCRIPTION

} Surfictal aover; uncopsolidated lght-brown sand and
sandy loam.

2 Coal (top 2 ), black, sofl, highly weathered, ang shale,
carbonaceous, black (N1), fissile, tiyxm,
CG4-8+

CGeH»
3Part!.ng, claystone, dark-gray, carbonacoeous, soft.
CG4-10°¢
CG4-11¢
CG4-12+

CG4-13*

CG4-14*
« 4 Capps Seum; coal, black, predominantly dull and bjocky
CG4-15 but loeally bony and platy with increasing vitrain bands
toward basal portion.

CG4-16"

CG4-174

stLng: claystone (possibly volcanic ash), light-brownish-
gray (bYRG/1), fixm,

SEATROCK (undercluy)

G Claystone, medlum-olive-gray (5Y5/1) with grayish-black
(N2) carbonaceous inalusions, locally alightly fisslle, soH
to firm,

T Section down to level of Capps Creek largely covered with
talug and regolth bLut predominandy sundstone, med-
lum-gray (N6), medlum-grained, frisble but Mrm. and
claystone, sandy, medlum-gray (N6), soft to firm. breaks
with concholdal fracture.

*Petrogpraphlc sample
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TERTIARY

TERTIARY

Oligocene-Miocene

Miocene

Tyonek Formation

Beluga Formation

CHUITNA RIVER SEAM
SITE CRS8

LITHOLOGIC DESCRIPTION

1 Baked sbale and varicolored cluys weathering from it.

Z chultna Bed (poxtial exposure, basal portion); coal, black,
dull, blocky, highly weathoxed.

3 SEATROCK (underctay)
Claystone, sandy, medlum-light-gray (N8), blagk carbo-
naceous leaf impresglons, soft.

Seation discontinued at waier lovel.

CHUITNA RIVER SEAM
SITE CR6

SAMPLE
—0ft
CR3-3
(weathered clay)
- CR&-1
—5 CR3-1p*
L
i CRS§-2
—10
SAMPLE
—O0 f

i } CRE-1 CR5-1p*

B CR5-3p*

LITHOLOGIC DESCRIPTION

lCoal. black, dull, blocky, highly weatharod with abundant
orange-llmonite stainlng,

PARTING
Claystone, Ught-olive-gray (6Y8/1), looally carbonaceous,
iron-oxlde staining, firm.

3 conl, black, dull, blocky, hard.

Section disconiinued at ereek level.

*Petrographio sanple
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Oligocene-Miocene

Tyonek Formation

0o Qg o Quo

5o 060,06 0
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0000 0P ao0d |t

CHUITNA RIVER SEAM
SITE CR9

SAMPLE
0ft
10
CR9-1
CR9-2 CR8-2p*
—20 CR9-10¢
CRO-D*
CRY-8
= CR9-8
CR9-7%
CR9-6*
CRO-5¢
—30

:} CRB-4

—50

—60

*Petrographic sample
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LITHOLOGIC DESCRIPTION

! Roof of coal Inrccessible,

22 Chuitua Bed: coal, black, hard, platy, dull, 1ocally bony.

3Pmi.ng (possibly volcanic ush); claystone, silty, olve-
black (6Y2/1). weathers to graylsh-red (10R4/2). Hrm,
breaks with conchoidal fxacture.

2b Coa) bolow parting predomlnantly dull and blocky, ash
content nppenrs significantly less than in upper portion;
local minor pyrite and weathered-sulfate coatings.

4 SEATROCK

Sandstone, ligbt~olive-gray (8Y6/1) to pinldsh-gray
(6YRB/t), mediwmn-gralned, relatively clean, pre-
dominantly quartz with disseminated Dblack organje
matier, subrounded to angulsr grains, frisble, weathored,
soft, Minor (pnear 0.6 ft) pariings of qunrtz-pebble con-
glomearate and conglomeratic sandstone Loward top of

section beneath coal bed.



TERTIARY

Oligocene-Miocene

Formation

Tyonek

*a%b 4 5950

— 0 ft

—20

—40

—80

CHUITNA RIVER SEAM
SITE CR10

LITHOLOGIC DESCRIPTION

1S\.lrf.{chu cover; brawn sandy Jomm, gand, and gravel.

2 Burn (clinker, ‘“‘red dog,’" scoria, norcellanite).

CR10-7*
CR10-84 /

CR10-1 CR10-6¢ 3 Coal, predominantly dull and blocky with thin (ess 2 in,)
vitrain bends and bony layers (to 0.5 (1), hayd.
CR10-4%
0-2 CR10-3* 4'thﬂe. carbonaceous, olive-gray (5Y 4/1) with light-brown
CR10- (BYR6/8)oxidetion staining, firm,

scla.ys‘tone. durk-gray (N3), carbonaceous, soft, locally
weathered with light-brown (BYRG6/6)-imonite stalning.

& Sandstone, medlum-gray (N6), medium- Lo coarse-gralned,
locully conglomeratic with Interbedded quartz-pebble-
conglomemte bands, especlally toward the basal portion
of outerop and light-brown (bYRB/6)-Iron-oxide staloing.

*Petragraphic sample
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Miocene

Tyonek (?) Formation

—20

FATRVIEW MOUNTAIN SEAMS

148 -

SITE FM1
Sheet | of 7

1

-
-

3

g9

]

LITHOLOG!IC DESCRIPTION

Surficial cover; loam, sand, brown, disseminated black-
orgunic matter, soft, rooted.

Sand, yellowlsh-gray., medium-gralned, slightly clayey,
soft, yellow- to orangedron-oxlde motilling, rare ex-
tremely fine disseminated muscovite.

Claystone, light-gray, soft, with abundant yelow-iron-
oxlde stainiog.

Claystone, sandy, medium-gray, fine disseminated musoco-~
vite angd black organic matter, flrm; thin (1 in.) siringer of
coal, black, dull, very hazrd forming base.

Sand, yellowigh-gxay, coarse-grained, locally contains dis-
geminated orgenic auatter and abundant threadlke string-
ers of black carbonaceous material, weathered, loosc.

Conglomerate, petromlctie, light to medium-gray; sand
matrix, coarse-grained, angular fxagmenls, poorly ce-
mented to loose, predomilnantly quartz and chert; “‘grav-
el” mostly in size range less 0.6 {t and includes varlous
igneous }ithologles, coal gravels, and cobbles; interspersed
within unlt are thin (less 2 in.) stringers and pockets of
clay, lght- to mecdlum-gray, soft, plastic. Thin coal
stringer (less 1 in.) at base of conglomermte.



TERTIARY

Miocene

Tyonek (7) Formation

— 40

FM1-1

FAIRVIEW MOUNTAIN SEAMS

SITE FM1
Sheet 2 of 7

SAMPLE

FM1-2a*

FM1-2b~ F

FM1-2

FM1-20* 8

FM1-3

¢Petrographic mample

- 149 -

LITHOLOGIC DESCRIPTION

Claystope, dark-gray, aightly sundy, ocarbonaceous, firm.

Shale, carbonageous, black, fiaslle, soft to firm, weath-
cred.

Claystone, medium-brownish-gray, slightly earbonaceous
and sandy, flvrm,

Claystone, medlum-gray, very sandy, firm.

Sand, medium-gray, medium- {6 coarge-grained with
abundant )imonlitic and hematitie staining and black
ooaly sirilngers and bands.

Conglomerats, petromictic (as above) but with abundaot
aoal cobbles and gravel inclusions: few graphite noduwles
to 0.6 R djameter nenr base directly ambove coal; also
containg few clean orthoguartzlte-sandstone cobbles.

Shale, carbonaceous, black (N1), flasslle, firm, weathoxed
with abundant iron-oxide staining.
Seam

Coal, black, dull, platy, ashy, weathered, poorquality.

partings, claystone, olive-black (6Y2/1), caxbonaccous,
allghtly sandy. flrma, thin (less 2 in.) coal bed {n basal
portion.



TERTIARY

Miocene

Tyonek (?) Formation

IR
e (o} Q

SAMPLE
—55

FM1-4
}‘ FM1

FM1-6

FAIRVIEW MOUNTAIN SEAMS

-4p*

150

SITE FM1
Sheet 3 of 7
LITHOLOGIC DESCRIPTION

F Seum

LConl, black, dull, platy, bony, poor quality with ihin lan-
nag of claystone, sandy, medlum-gray, soft and shale,
carbonuceous, black, Masile, soft, intercalated for top 2 ft;
tower 0.5 ft dull, blocky, hard coal,

SEATROCK (underclay)

Claystone, sandy, medium-light (N 6)-gray, flrm, limonite
surface slaing, breaks with ooncholdal fracture ; becomes
more sandy toward besal portlon with few interspersed
sand lenses (less 1 In.), llght- to medium-gray, mad{ura-
gralned, micaceous, 1ocally limonlte-stained.

3Shmd. yellowlsh-gray, fine- t0 medlum-grained, so#. 1oose
with dlsseminated fine black organlc matter and musco—
vite; mlso smutty coal stringers (around 0.5 in.) locally.

q'Couglomemte\ pelromlgtic pebble-cobble, wlth coarse-
gralned, poouly lithified sand matrix ; pebbles and cobbles
prodominantty 2 in, to loss than 0.5 ft of vaxdous igneous
Uthologies (including granite), abundant coal, Quanz,
chert, and oclean orthoquarizite sandstone; pebbly sand-
stone lenses 10 1 f thick locally throughout this seciion.

¢“Petrographic sample



TERTIARY

Miocene

ek (?) Formation

Tyan

FM1-6

FM1-7

FM1-8

FAIRVIEW MOUNTAIN SEAMS
SITE FM1

Sheet 4 of 7
LITHOLOGIC DESCRIPTION

1 8hale, carbonaceous, black (N1) with light-brown
(Y RG5/6) weathering stalns, figsile, firm.

E Seam
200, top 2 ft, black, dull, platy, weathared, firm; hasal

FM1-7a portlon dull, blocky, bony, hurd.

FM1-7b*

SEATROCK (underciay)

Clayutone, olive-gray (Y 4/1) with black (N1) coaly in-
olugionsand local light-brown (BY R6/6) mottling, tirm,
broaks with aoncholdal fracture.

4 gandstone, medium-gray, {ine-wrained, friable, slightly
clayey, with fine disseminated muscovita and Dblack
organie frugments.

SSnnd, medlum-gray, medium-grained, loose, soft with die-
sominated, extrernely fine muscovite and black organic
matter, tocally \bmonite-stained.

*Petrogmphic sample
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Miaocene

Tyonek (?) Formation

FAIRVIEW MOUNTAIN SEAMS
SITE FM1

Sheet 5 of 7
SAMPLE LITHOLOGIC DESCRIPTION

1CIaynone‘ sandy {0 very sandy, medlum-gray, firm with
grbundant llmonite staining.

—115
L zSnmd. Ught- to medium-gray, fine (o medium-grained,
slightly clayey, soft, with disseminated fine muscovite
flakes and black organic matter.
3Clnyet.one‘ sandy, madium-grayish-brown, flrm, local
L1920 Iron-oxi{de stalning,
4C)nynone. very sandy, light-gray, firm.
—1256
B SSudstone.‘ clayey, light-gray, medlum-grained, (friable
soft, with fine disseminnted black organic matter and
L coaly gtreaks.
—130
bClaystone\ sandy, light-gray, firm, with weathered lron-
- stone nodwes to 2 in. diamoter,
i FM1-0 7 Shale, carbonaceous, dark-gray (N3) to black (N1), clay-
ey, fissile, soft.
135 FM1-10a*
L FM1-10 FMI1-10b* D Seam
B coat, black, dull, hard, platy, bony.
FM1-10c*
| SEATROCK (underclay)
FM1-11 Y Claystone, sandy, alive-gray (6Y4/1) with grayish-black
(N 2)-threadllke stringers, firm, breaks with conchoidal
N fracture, locally Umonite-gtained.
—140

*pPetrographlc sample
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Miocene

Tyonek (?) Formation

—140

—160

SAMPLE

FM1-12

FM1-13

FM1-14

FAIRVIEW MOUNTAIN SEAMS
SITE FM1

Sh

eet 6 of 7

LITHOLOGIC DESCRIPTION

ROOF
xShalc:. curbonuaseouns, brownlgh-black (6YR2/1), fisslle,
weathered, soft,

C Seam

2 Coal, black. dul), bard, blocky at top to bony and platy at

basal portion

SEATROGK (underclay)
3Claystona‘ very sandy, light-olive-gray (8Y6/1), tirm.

q'Claynono, sandy, modium-gray, {irm, with very fine dis

- 153 ~

seminated muscovito,

5
S8and, medlum-gray, very coarse-gralned, angular tg sub-
angular graing, dlsgseminatod black fine coal fragments, fri-
able, loose, wenthered.

F‘Canglomemte. petromictic, pebhle-gcobble (Including
coal); sand matrix, very coerse-gralned, poorly lithitlied
with tine dissemlnated coal Uragments; local coarse-
grolned pebbly sand layers up to 1 ft thick.



TERTIARY

Miocene

Tyonek (7) Formation

—186

FAIRVIEW MOUNTAIN SEAMS
SITE FM1

Sheet 7 of 7
LITHOLOGIC DESCRIPTION

Claystone, medium-gray bu{ grades to dark-gray and car
bonaceous Iln basal portlon, sofl to (irm: pockets and
stringors of ooal near bottom,

Section discontinued but remaining section includes
two poorly exposed and highly weathered coal seams
(A and B); see FM2.
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Miocene

Tyonek (?) Formation

FAIRVIEW MOUNTAIN SEAMS
SITE FM2

SAMPLE
-0 ft
1& 2
}FM?'l FM2-2a¥
FM2-2b» 3
10 1¥M2-2 FM2-2¢c4
FM2-3 4
FM2-4
5
FM2-b
FM2-6 6
FM2-7
FM2-8 .
8
9
10
11

LITHOLOGIC DESCRIPTION

Surfiofal cover prodominantly a8 sandy loam grading to
sand at basge.

B Seam

Coal, top 0.5 ft black, very soft, smuity: bottom 3 ft
very bard and bony, breaks blooky und locally with
cooncboldal fracture.

Shale, oarbomnaceous, brown, black (5Y2/%), clayey,
soft.

Claystone, olive-gray (6Y4/1) with moderate-brown
(6YR4/4) plant-fragment Inclugions, slightly siliy, soft
to flrm.

Claystone, sandy, lUght-gray, soft, with very fine dis-
seminated muscovite,

Claystone, medlum-gray (N8) with black (NY) Lnclusions
and dark-yelowlish-orange (10YRE/6) mottllng, slightly
sundy and carbonaccous, firm,

A Seara

Coul, black to brownish-black, Ugnitio toward base, poor
quallty; thin (less 1 In.) partlngs of olaystone, brown,
flrm, and shale, curbonaceous, black, fissile, firm, toward
iop.

Claystone, sandy, ollve-gray (8Y4/1) with gruylsh-brown
(6YRS3/2) and blackish-red (BR2/2) plant-fragmont
inclusions, disseminated exlrernely fine muscovite, firm.

Coal stringer, biack, hard, woody.

Claystone, vory sandy, madjum-gray (NbB), exlremely fine
disseminated muscovite, flrm.

Conglomeérate, petromiotio, pcbble—cobble; pebbies, grav-
als, and cobbles predomlnantly Jess than 3 in. In dia-
moter conslsting of quartz, chert, orthoquartzite sand-
gtone, ocoal, and granlte In a poorly Llthified, comrge-
grained, sand matrix; nlgo fncludes pobbly, coarse-grained-
sand Intervals to several feot thick, yellowlsh-gray, angular
10 subangular with disseminated black organic matter.

Sectlon described down to level of Cottonwood Creek.

$Petzogmphic sample
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Miocene

Tyonek Formation

JOHNSON CREEK SEAM

SAMPLE
—0 ft
JC2-1
JC2-2
-y JC2-2p*
JC2-3
JC2-4
—4
—6

SITE JC2

LITHOLOGIC DESCRIPTION

Sectlon Includes BO-{t ledge of sandstone, conglomerate,
two other thio coal beds, gxavel, and surficial cover.

1Shale, earbonaceous, black, hard, fissile, local (ron-oxide
stainlng.

lcoal. black, very bard, bxight, glarsy fracture, somian-
thruoitic, conchoidal fructure.

5SbaJe‘ carbonaceous, olive-black (BY2/1) to black (N1),
fissile, thrm,

"’(Jlxays't,onek olive-black (5Y2/1) with black (N1) coaly
stringers, tirm, Approximutely 8 it of claystone is followed
downsection to craek level by sandstone, medium-gray,
medlum-grained, hard,

*Petyographic sample
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Miocene

Tyonek Formation

JOHNSON CREEK SEAMS

SAMPLE
—O0 ft
-
i Jca-1
—5
i Jca-2
3€3-1
Jca-8
—10
IC3-4
- JC3-6
B Jca-8
—15
L

157

SITE JC3

LITHOLOGIC DESCRIPTION

iOverburden gsection of approxlmately 30 i of pebbly
sandstone, conglomerate, und unconsolidated surflcial
cover, locully highly washed and eroded wlth coverad
intervals.

23 ¢onl, black, dull, hard, bony, jocally platy and weathored
with iron-oxlide staining.

3 parting: claystone, llight-brownish gray (BYR6/1) with
dork-gruy (N3) carbonacooux nclusions and coal stringers,
firm,

2’thm.\ ns above.

Q‘Clwstune‘ sundy, llght-olive-gray (bY®6/1) with ollve-
black (BY2/1) carbonaccous inclusions and dark-yel-
lowlgh-oranga (10YR6/6) mottHng; becomes less sandy
and more sty towird boge.

S Claystone, dark-yolowish-brown (A0YR4/2) with dark-
gmy (N3) carbonsceous stringers and durk-yellowish-
orango (10YR6/6) mottling, thrm,

© Conl, bluck, hird, dwll, bony, platy.

7 Claystone, smndy, Hghtollve-pray (BY6/1) with black
(N1) coaly Incluglonas und locu)l dark-vellowish-orange
(10YR6/6) mottilng, firm,



TERTIARY

Miocene

Tyonek Formation

——

© N O MW=

PETERSVILLE AREA SEAMS

SAMPLE
—0 £t

—20

—50

PAl-14

PA1-18
PA1-18

PA1-17

PAL-18
PAL-19

PA1-20

PA1-21

PAL-22

— 80 PAa1-23

PA1-B PAL1-BD¢

SITE PA1l

Sheet | of 3

1

10

11

12

13

14

15

16

17

18

19

20

21

*Petrographic sample 22

23
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LITHOLOGIC DESCRIPTION

Sandstone and sand, light-olive-gray (5Y6/)1) with black
(N1) coaly inclusions and Joca) pale-yellowlsh-orange
(10YRS8/6) motiling, coarse-grained, angular to sub-
rounded, predominantly quartz but arkogle, weathered,
friable, soft.

Claysione, sandy, moderate-yellowish-brown (10YR5/4)
dark-yellowish-orange (10YRG/8) snd pale-yelowish-
orange (10YRE&/G) streaked, soft to firm, with distinctlve
gravels of brown amber and coalified wood laths,

Clay, Hght-olive-gray (BY8/1), very soft, plastic, pliable.

Claysione, medium-gray (N6) with grayish-black (N2)
coaly Inclusions, firm, breeks Ln concholdal blocks.

Coal, black, hard, dull, bony.

Shale, carbonaceous, medium-gray (NbB) to graylsh-black
(N2), ym with transltiona to claystone, medlum- to dark-
gray, locally carbonaceous, slity ¢o sandy. soft to flrm,

Claystone, light-ollve-gray (8Y6/1) with dark-gray (N3)
to black (N1) coaly inclusions and light-bxown {BYRG/6)
to modorate-hxown (6YR3/4)-oxidation stalning, slighuly
sandy, soft, with few Inches of shale, grayishb-purple
(6P4/2), bounding top and basal portions.

Sand, clavey, llght-olive-gray (6Y8/1), medium-grainad,
soft, loose,

Claystone, sandy, lighi-olive-gpray (6Y 6/1), soft.

Sandsione, light-olive-gray (6Y6/1) with medium-dark-
gray (N4) carbonaceous plant fragments and {ilms, firm,
clayey, with interbedded claystone, sandy, medium-gray
(NB),local lron-oxjde stalning.

Sandsione, llght-olive-gray (5¥Y6/1) predominant (but
“galt and pepper’), coarse-pyained, subangulsr to sub-
rounded graips, locally lron-stained (llmonltic) bdands,
friable, sofi; thin (4 in.) layer of claystone, lght-gray
(NT). sllity, soft in eenter.

Claystone, sandy, medium-slive-gray (bY 6/1) and dark-
vellowish-brown (LOYR4/2) streaked, and black (N1)
threadlike coal stringers and fragments, soft: grades
to claystone, medium-gray (Nb) Lo moderate-yellowish-
brown (10YR6/4) at base with stringers of coalifted
woaod,

Claystone, pale-yelowlish-orange (10YR8/6) to yellowish-
gray (5Y7/2) with light-brown (BYR5/8)-weathering
streaks, (irm,

Sandgqtone, yellowlsh-gray (85Y7/2) with local dark-yel-
lowlsh-orange (10YRG6/6) mottling, mediwm-grained,
triable, flrm,

Claystone, very sandy. light-olive-gray (5Y6/1) with fine
graylah-black (N2) and light-brown (BYR5/8) inclusions,
soft.

Claystone, olive-black (5Y2/1) with mxayish-black (N2)
coaly incluslons, (frm,

Claystone, sandy. grayish-yellow (5Y8/4) to yellowlsh-
gmy (6Y7/2), soft; sandstone, light (N7)- to medium-
gray (N5), medium-grained, friable, soft, with abundant
limonite stulning, and westbered loose sand, medjwm-
10 coarse-grained with fron-oxide staining,

Claystone, gandy, Llight-olive-gray (5Y8/1). flrm, with
a (hin (RoProximately 0.5 in.) coal stringer alobg iLop.

Sandstone, yellowish-gray (5Y 7/2), medium- to coarse
grained, friable, soft to HBrm,

Claysione, olive-gray (BY«/1), slightly aandy, soft to firm.

Sandstone, yellowish-gray (BY8/l) with grayish-black
(N2) Inclusions (“salt and pepper'’), medium-grained,
sofi, and claystianae, sandy, {irm.

Claystooe, light-olive-gray (6Y6/1), firm, loocally slley
1o slightly sandy with commop hematitic surface staining.

Claystone and shale. inlerbanded, carbomaceous. dark-
gray (N3) Lo olive-black (8Y2/1), fixm.



TERTIARY

Miocene

Tyonek Formation

— 80

—100

—110

—120

—130

—140

—150

—160

PETERSVILLE AREA SEAMS

SITE PAl

Sheet 2 of 3

SAMPLE

PAY-24

PA1-28

PA1-28

PA1-27
PA1-28

PA1-29

PA1-80

PA1-31
PA1-82

PA1-33

PAl-34

PA1-85

PA1-38

PA1-37

PA1-32p*

- 159 -

4

LITHOLOGIC DESCRIPTION

1Sands1.onn and weathered loose sand, yellowish-gray
(6Y7/2) with pale-yellowish-orange (10YRB8/6) mot-
tling, modium-grained, with dissermninated blaak organie
matter; grades to coarse-gralned, loose, dark-yellowish-
orange (10YR6/6),5and nt base,

2
Claystone, olive-gry (BY4/1), slightly sandy, flrm with
abundant limonite and hematlte staining,

3Sundst,uno. light-olive-gray (BYG6/1) with dark-yellowiah-

orange (10YRB/6G)-weathering stains, medlum-grailned,
joeally nlightly clayey, fdable,

4Clay5tone. light-oHve-gray (BY6/1) to medlum-olive-

groy (6Y6/1), slightly xidty, firm,

S Shale, carbonaceous, roodium-gray (NG) to grayish-black

. (N?2), sslle, firm.

© Sandstone, clayey, light-ollve-gray (6Y8/1) with light-

brown (BYRG5/6) motiling, abundant cllssemlnatod black
organie mattor and muscovite,

7Sund, vollowlsh-gray (BY 7/2), medium-grained, soft,
loose with abundant limonlte staining.

RCluystDnc. Yight-gray (N7), slightly sandy, soft.

9 Conl, black. firm, dull, piaty.

10 Claystone, Hght-gray (N7), alightly slty, soft.

Il Coa, black, dull, hard, bony.

V2 Claystone, sandy, light-gray (N7) with black (N1) coaly

(nclusions end local pale-yallowlsh-orange (10YRB8/6)
mottling, ond goft, at top; grades to sand, medium-gray
(NB), finegruined, clayey, loose., soft toward basal
porlion.

13 gand, grayish-orange (10YR7/4) and llght-olive-gray

(6Y8/1), medium-grained, soft with sbundant limonite
staining and dlsseminated bleck organic matter,

Claysione, moedium-olive-gray (6Y6/1), aightly sandy
to sandy, firm-soft.

*Petxrographic sample



TERTIARY

TERTIARY

Miocene

Miocene

Tyonek Formation

Tyonek Formation

Ut & Ui

PETERSVILLE AREA SEAMS

SITE PAl
Sheet 3 of 3

LITHOLOGIC DESCRIPTION

Claystone, sandy, light-gray (N7), firm,

Sectlon discontinued at 8hon Creek lovel.

PETERSVILLE AREA SEAM

—160 SAMPLE
( PA1-38
—170
SAMPLE
fO ft
L PA2-3
—5
10
L
PA2-1
L PA2-1p"*
i PA2-2
I PA2-1
—15

*Petrographic sample

SITE PA2
LITHOLOGIC DESCRIPTION
tOlaystone. medium-gray (NB), firm.
-"‘Graywacke‘ predominanly olive-gray (65Y4/1) with
light-olive-gray (8Y6/1) inclusions, ocarbonaceous, feld-

spathic: stands In rellef withln softer claystone unit.

SCl&yst.one‘ medium-gray (NB), slightly carbonaceous and
dity, firm.

Fghale, carbonacaous, black (N1), fissho, fixm.

S Coal, black, dull, hard, blocky in center section, woody
toward top and basal portions,

S Cluystone (possibly volcanic ash), mediuwm-ight-gray
(N8) with grayish-black (N2) coaly inclusions and dark-
vellowish-orange (10Y R6/8) mottling. firm.

SEATROCK (underclay)
1 Claysione, sandy, medium-gray (NB), flrm, localy llmo-
nite-stalned.

- 160 -
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TERTIARY

Oligocene-Miocene

Miocene

Tyonek Formation

Tyonek Formation

PETERSVILLE AREA SEAM

SAMPLE

—0 f1

PA3-1
PAS-1p°*

} PA3-2

PA3-3
PA3-3p*

—5

SITE PAS

LITHOLOGIC DESCRIPTION

ROOF
1Sandstone, pebbly (guartzfchert), moderate-brownish-
gray (5YRB6/1), coarse-grained, grunwar, (riable,

2 £oal, brownigh-black, dull, woody. fivra,

3 parting, shale, carbomaceous, olivesblack (5Y2/1) with
grayish-bluck (N2) coanly inclusions and moderate-brown
(BYR4/4)ywoatharing sgtaing, fisgile, firm, nnd claystons,
dark-gxay (N3), carbonaceous, soft, and smut, black (N1).

1 Coal, us above.

+SEA’[‘ROCK
Sundstone, pebbly, as in roof.

*Petrographle sampla

TALACHULITNA RIVER SEAM

SAMPLE

TR1-3

TR1-1
TRI1-1p*®

TR1-2

*Petrographlo sample
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SITE TR

LITHOLOGIC DESCRIPTION

ROOF

1 Claystone, medium-olive-gray (6YB/1), abundant limo-
nite and hematite staining, weathers to yellow and orange
shingles and concholds) blocks, soft.

J‘Coﬂ‘ brownish-black, dull, woody, ashy, locally alightly
contorxted.

3 SEATROCK (underclay)
Claystone, Uight-olive-gray (8Y 6/1) with loecal light-brown

(8YRB/6) mottling and stalning.

Seoction discontlnued at watey level, Metamorphosed
JK greengtone faulted and juxilaposed nrgainst coal ap-
proximately 100 ft upatream,



TERTIARY

Oligocene-Miocene

Tyonek Formation

$ 5666 ol

46 n PO

N

D

SAMPLE
—0 ft
—10
]scz-l
5C2-2
—20 }sczap*
L 5C2-3
SC2-3p*
—30
40
50

SATURDAY CREEK SEAM
SITE 5C2

*Petrographic sample
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10

LITHOLOGIC DESCRIPTION

Surficlal cover, brown sandy loam.

Sandstone. medlum-gray, medium-grained, with yellow-
iron-oxide staining locally; interbands of guartz-pebble
conglomerate (pebbles Lo 2 In. diameter) up to 0.6 ft
thlck.

quartz-pebble, hard, well-

Conglomerate, monomictie,

cemenled.

Sandstone, mediun-ycllowlsh-gray, medium-grained,
hard, with surfioiul jron-oxjde-weathexing stains.

Claysione, dark-gray, carbonaceous, firm.

Claystone, sandy, )ight-gxay, firm.

Claystone, madium-lighi-gray (N6) with black (N1) coaly
inclugions and light-byown (BYRB/G)weathering stalns,
flrra, breaks conchoidal fraccure,

Coasl, black, blochy, hurd: middle haa black, earbonaceous
ghalo, partinga.

SEATROCK (underclay)
Claystone, light-gray, slightly sandy, flrm.

Sandstona, medjum-yellowish-gray, medlum-grained, very
bard, surficial iron-oxide-weathering stains.



TERTIARY

Oligocene-Miocene

—0 ft

20

SATURDAY CREEK SEAM

SAMPLE

SC31
SC8-2*

SC38-3

8C34

8Cab

*Petrographlc sample
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SITE SC3

LITHOLOGIC DESCRIPTION

1 Roof not exposed ;covered interval,

2com, black, dull, platy, bony, hlghly weathered on
surface.

SEATROCK

Claystone, brownish-gray (6YR4/1), locally oarbo-
naceousg, firm to soft, with light-brown (6YRG&E/6) Lron-
oxide stalning; interbedded with shale, carbonaceous,
black (N1), fissile, Grm.

+Claystone, light-gray (N7) to llght-olive-gray (BY8/1),
jocnlly sightly carbonaceous, tirm (o soft, breaks with
concholdel fractiure.

3 8andstone and sand, yellowish-gray (8Y7/2) to light-
olive-gray (6Y8/1), medlum- to coarse-gralned, angulur
10 subrounded grains, dissemingted fine black oOrganic
mattor and muscovite, but predominantly quartz sand,
friable Lo loose.



TERTIARY

Oligocene-Miocene

Tvonek Formation

SAMPLE

SC4-1

SC4-2

8C4-3

SC4-4

SC4-56
SC4-8
SC4-7
SC4-8

SC4-9

SC4-10

SC4-11

S5C4-12

8C4-18

SATURDAY CREEK SEAMS

8C4-2a*

SC4-2b»

SC4-4a*
SC4-4b>

8C4-7p*

SC4-12p*

*Petrographic sumple
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SITE SC4

LITHOLOGIC DESCRIPTION

1 Covered interval for 80 ft to top of ridge.

lCIaymone‘ sandy, ollve-gray
lowish-orange (10YRG/8)- to
weathering mottles,

(BY4/1) with dark-vel-
Hight-brown (6YRG/8)

2 Coal, black, hard, bright, biocky.

% Claystone, grayish-black (N2), carbonmcaous, firm,
rooled, and shale, carbonaceous, darl-gray (N3) Lo black
(N1), fissile und fixm, intercalated,

S coal, black, bright, hard, plaity; becomes bony toward
basal portjon.

© Claysione, sandy., Hghtolive-gray (5Y6/1) with black
(N1) coaly Inclusions and local dark-yellowlsh-orange
(10Y RG/6) wealhar banding, firm,

7 Shalo. carbonaeous, graylsh-black (N 2), Bsslle, weathered

anad soft.
©Coal. black, very hard, breaks concholda)l fracture, pos-

glbly cannel coal.

9 Shalo, carbonaceous, medlum-darle-gray (N4) to blaak
(N1), fissila, firm,

10 Claystone, HHpht-alivegray (5Y8/1). with dizseminated
black organic mattex, rooted, hematlte-stained, soft.

'l Claystone, lght-olive-gray (6Y6/1) with modfum-dark
gray (Nd) coaly inclusions and local dark-yelowish-
orange (10YRG/6) mottling, slightly sandy, breaks with
conchoidal fraclure.

\ X Claystone, medium-oljve-gray (6Y5/)) with black (N1)
coaly Inclusions and loeal dark-yellowish-orange
(10YRG/B) mottllng, {irm.

'3Coal, black, dul), hard, platy, bony.

i+ Claystone, olive-gray (6Y4/1) with dark-gray (N3) coaly
Inclusions, dightly sandy, tirm, locally limonite-stained,

Covered Interval (or 30 (t down to creak level.



TERTIARY

Oligocene-Miocene

Tyonek Formation

SKWENTNA RIVER SEAM

—0 {t
~10
SR1-1
—20
SR1-6*
SR1-2 .
SR1.3 SR1-8
B SR1-4
~30

SITE SR1

*Petrographic sample
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LITHOLOGIC DESCRIPTION

Surficlal cover; light-brown sandy loam.

Sand, light-yellow to brownigsh-yellow, medium-grained,
loose, Boft, weathered with (ron-oxlde staining.

Claystone, medium-olive gray (6Y6/1), slighidy carbona-
ceous, firm, bresks with conchojdal fracturs.

Coal. black, dull, thinly plated. bony.
Shute, carbonaceous, dark-gray (N3) to grayish-black

(N 2). fissile. bighly weathored. sofi,

Claystane, sandy, Lght-olve-gray (5Y8/1) with olive
gray (BY 4/1) streaks, carbonaceous, Srm.

8and, yellow to orange, medlum-grained, bighly weath-
ered with tran-ox{de staining, disserninated black organic
matter, micaceous, loose.

Claystone, sandy. dark-gray, carbonaceous, soft-flrm,



TERTIARY

Oligocene-Miocene

Tyonek Formalion

~ 0 ft

~30

)

—40

—60

B
)

WOLVERINE CREEK SEAM

SAMFPLE

WC1-1

wWC1-2

WC1-2a

wWC1-3p*

wWC1-4 WC1-4p*

wWC1-b

*Petrographle scample
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SITE WC1

LITHOLOGIC DESCRIPTION

| Sandstone, lMght-olive-gray (BY6/1) speckled (“salt
and pepper”) with white (NB) and medlum-light-gray
(N 8), coarse-grained, angwar to subangular graina, friable,
so ft-firrn,

2 Claystons, sandy, medlum-light-gray (NB8) streaked
medium-dark-gray (N4), soft, breaks in bloecks, abundant
llmonite stains along surfaces sod jolnta.

3 Claystone, grayish-black (N2) with olive-gray (5Y4/1)
streaks, carbomacecus, soft, and shale, carbonaceous,
black (N1), fissilo, soft.

4 Coal, black, predominantly bright, hard, blocky; basal
3 ft highly weathered and limonite-stained.

5 SEATROCK (underclay)
Claystone, medlum-gray (NO6) with abundani dark-yel-
lowlsh-orange (10Y R8/8) staining, soft.



TERTIARY

Oligocene-Miocene

Tyonek Formation

—0 ft

WOLVERINE CREEK SEAM

SITE WC2

LITHOLOGIC DESCRIPTION

Sandstone, lMght-gray (N7) with dark-yellowish-orange
(L0YRB//) motitles, coarse-grained, Jocally clayey and
dlightly carbonaceous, '‘asit and pepper.”

Claystone, olive-gray (6Y4/1), soft to Urm, breake in
blocky mnsses, abundant jron-rick (Umonite rim, hema-
tite core) septarian noduloes,

Ciaystone, brownlish-gray (bBYR4/1) with grayish-black
(N2) gtrouks and inclusions, soft.

Coal stringer, black, hard, platy to slightly blochy.

Shale, carbomaccous, olive-black (6Y2/1) with dark-
yellowish-orange (10Y R8/6) mottlies, fissile, flrm, Inter
Jeyered with claystone, browniah-gray (6YR4/1), localty
siity, nbundani lbmonite siains along sucfaces and bedding
planes; central (0.5 ft) Jayer of srndstone, graylsh-brown
(6Y R 3/2), medium-—gralned, hard, iron-stained.

Claystone, olive-gray (6Y4/1) with light-brown (BYR5/6)
mottles, locally slightly carbonaceous and iron-stained,
soft to flrm,

Shale, carbonaceous, dark-gray (N3) with light-brown
(5YROG/6)weanthering steins, fissile, soft to firm, Inter-
bunded with olaystone, dark-gray (NJ), carbonacaous,
soft.

Claystone, dark-yelowish-brown (10YRA4/2), dightly
siity and carbonaceous, soft,

Coal, Llack, dull, firm to hard, blocky, weathared locally
wlith abundant {ron-oxide staining,

Claystone, very sandy, llght-olive-gray (BY6/1), soft,
Jocally with abundani (ron-oxlde staining: interbanded
with sand lenses, light-gray (N7), medium-gralned, mica-
ceous, friable, soft,

Sandstone, light-olive-gray (5YG/1) strenked oljve-gray,
roedium-grained, friable, soft, abundant limonite stalnlng;
thin (approxlmately 1 in. thick) Inlerbands of claystone,
medfum Rxay (NB), ity soft, toward top.

Claystone, lght-gray (N7), breaks with blocky, con-
oholidal fracture, abundant lron-oxide stalning.

Coal, black, dull, hard, blocky, locally weathered with
abundant !imonite staining.

' Ciaystone, light-ollve-gray (5Y 6/1), <lty, sof\.

SAMPLE
1
wC2-1
2
3
wWC2-2
4
b
wC2-3
wC24
wWC2-6
[
wC2-8
WC2-7
C 7
wGC2-8
wWC2-b
8
v
WC2-10 WC2-10a*
WGC2-10b*
0
wC2-11
11
wcC2-12
12
wC2-18
3
wWC2-14
WC2-14p*
wC2-16

*Petrographic sample
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APPENDIX D

Calculations for statistical Markov-chain analysis (after Gingerich, 1969). Refer to text for discussion of results.

A. Frequency of occurrence of five rock types:

Shale (8H) 5
Coal (CO) 7 beds
Claystone (CL) 12 = f
S8andsione (S8) 8
Conglomaerate (CG) 4

Total = 36

B. Independent-trials matrix:

SH CoO CL B8S CG
SH 0.00 0.22 0.39 0.26 0.138
CO 0.17 0.00 0.41 0.28 0.14
CL 0.21 0.28 0.00 0.83 0.17 = ej
88 0.18 0.26 0.43 0.00 0.14
CG 0.16 0.22 0.38 0.25 0.00

C. Transition count matrix:

8H CO CL 88 (G

SH o o0 38 o 2
co 4 0 2 0 0
cL 1 6 0 4 1 =i
88 0o 1 8 0 0
cc o 0 0 4 0

D. Transition probability matrix:

SH CO CL 8S CG
SH 000 0.00 0.60 0.00 0.40
CO 0.67 0.00 0.33 0.00 0.00
CL 0.08 0.50 0.00 0.33 0.08 =pj
8§S 0.00 0.14 0.86 0.00 0.00
CG 0.00 0.00 0.00 1.00 0.00

E. Calculation of ¥ 2 statistic

Y V2= E (fis - fieij)? / fiey

The number of positive elements in ejj is 20.

The rank of ojj Is 6. The rank of a matrix is the maximum number of independent yow vectors ov column vectors.
The rank is determined by converting the matrix to row-echelon form and finding the humbeyr of non-zere rows or
columns (Hawking, personal commun,, 1982).

Echelon form of matrix:

SH CO CL S8 CG

SH 1 0 2.59 1.66 0.82

CO 0 1 1.77 1.18 0.59

CL 0 0 1 0.34 0.16

ss 0 0 0 1 0.18

Cca 0 0 0 0 1
The degrees of freedom are 15. This is determined by subtracting the rank of ejj from the total nunber of positive
entriea:

v=20-6=15

Solving for the equation yields an X 2 of 35.9.
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Appendix D (con.)

F. Difference matrix:

SH €O OL 88 CG
SH 0.00 -0.22 0.21 -0.26 0.27
CO 0.50 0.00 -0.08 0.28 -0.14
CL -0.13 0.21 0.00 0.00 -0.09 =pj-ej
§8 -0.18 -0.11 0.43 0.00 -0.14
CG -0.16 -0.22 -0.38 0.756 0.00

The positive elements in the difference matrix represent those lransitions that have a higher than random prob-
ability of accurring.
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Table E-1. Qverburden procedures and references.

Parameter Unit
Paste pH pH
Electrical conductivity mmhos/em
Saturation percentage %
Water-soluble cations meq/1
(Ca, Mg, Na)
SAR? (ratio)
ESPL %
Boron ppm
Salenjium ppm

Acid-base potential

Lime

Sulfur

Agodium adsoyption vatlo,

tons CaCOg equivalent/1,000
tons sojl material

%

%o

Exchangeable sodluin percentage,

Procedure

Reference

Electrode

Conduetivity bridge
Dried to 1059C, weight loss

Vacuum extraciion, atomic
absorption

Calculation from water-soluble
cations

Extraction
Hot-water soluble, Carmine
method

Hot-water extraction, hydride,
atomic absorption

Total sulfur, % CaCOg, titration

and turbidimetric

CaCQOgq equivalent from acid
neutralizatlon

Leco method
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USDA (19564), p. 102;
Sobek and others,
1978, p. 45+47.
USDA (1954), p. 89.
USDA (1854), p. 10.
USDA (1954), p. 84.
USDA (1854), p. 26,
p. 72-76,

ASA (1965), part 2,
p.1033-1034,

ASA (1865), part 2,
p. 1062-10638.

ASA (19866), part 2,
p.1122.

Sobck and others,
1978, p. 47-65.

USDA (1954), p. 106.
Leco (1975), p. 1-

51; Sobek and others,
1978, p. 61-55.



Table E-2. Physical and chemical data

Saturation
extiract Particle-size
EGC® cations analysis Total
pH (mmhos/ Sat® (meq/l) hydrometer (%) OMS  Lime horon Se
Sample  (paste) cim) (%) Ca Mg Na SARY ESP® Tand Silt  Clay Texwre! (%) (%) (ppm) (ppm)
BR1-2 6.6 0.2 47.1 1.4 1.0 038 0.5 2.8 36 25 39 CL 2.67 9.5 54.5 <0.0L
BR1-3 8.9 0.4 3601 28 18 0.8 0.4 3.8 29 53 16 SiL 1.07 98 1000 <o.01
BR1-% 6.4 0.6 429 42 29 0.6 0.3 35.0 49 32 19 L 6.54 10.0 608 <0.01
BR1-6 6.3 0.3 48.0 2.1 1.2 07 0.5 5.5 i 77 16 SiL 1.91 99 1.3 <0.01
BR1-7 6.1 0.9 428 63 44 08 0.3 3.0 60 21 19 SL 5.31 9.5 395 <0,01
BR1-9 6.9 0.2 463 1.4 0.7 0.8 0.6 8.0 8 74 18 SiL 1.97 9.7 36.8 <0.01
BR1-10 6.9 03 347 20 1.2 08 0.5 8.4 46 45 ] L 0.96 9.8 16.7 <0.01
BR1-11 8.8 0.2 426 1.7 1.0 0.6 0.5 3.2 31 38 11 L 2.82 9.7 6.3 <0.01
BR1-13 8.5 0.3 460 16 1.2 0.6 0.8 5.1 11 35 34 SiCL 3.16 10.0 59.3 <0.01
BR1-14 6.4 0.3 3783 1.4 09 0.6 0.6 12.7 56 33 9 L 1.20 8.8 25.5 <0.01
BR1-18 8.7 0.4 440 28 22 07 0.5 3.8 10 45 45 SiC 2,27 9.9 16.7 <0.01

3flectrieal conductinity.
bSaluYaliDn percenlage.
€Organie matior.

Soqium adsorption ratio.
'Exch:mgeah]e 303ium percentage,
C -Clay

L - Loam

$ - Sand

S-Sl
ENeuratization potential,
"Potential acldity (positive values indicate excess CaCO g—basie overbaxden maleral),

Table E-3. Physical and chemical dala on

Saturation

extracl Particle-size
EC* cations analysis Total
pH (mmhos/ Sat® (meq/) hydromeler (%) oMf Lime boron Se
Sample  (paste) cm) (%) Ta Mg Na SAR® ESPd Sand Silt Clay Texture® (%) (%) (ppm) (ppm)
FM1-1 4.1 0.2 853 1.} 0.9 0.4 04 0.7 89 -1 7 S-LS 9.46 10.0 11.2 <0.01
FM1-3 4.8 0.1 495 0.6 0.4 0.4 0.6 2.1 15 53 32 SiCL 6.10 9.8 62.8 <0.01
FM1-56 5.1 0.1 386 0.5 0.3 05 038 3.8 11 64 235 SiL 1.69 9.9 7.4 <0.01
FM1-6 4.2 0.3 90.4 2.5 1.2 0.4 0.3 0.7 96 0 4 S 8.63 9.0 389 <0.01
FM1-8 4.7 0.1 43.6 0.6 0.3 04 0.6 2.4 10 5. 36 SiCL 2.32 100 18.8 <0.01
FM19 4.6 0.1 69.6 1.1 0.5 0.4 04 1.1 46 10 44 sCc.-C 11.89 93 21.1 <0.01
FM1-11 5.1 0.1 458 0.2 <01 06 2.2 5.1 13 680 22 SiL 1.27 9.9 43.7 <0.01
FM1-12 4.8 0.3 83.2 2.2 1.2 0.4 03 1.0 86 2 12 LS 956 83 36.) <0.01
FM1-14 7.2 0.4 43.0 3.1 1.6 03 0.3 6.7 38 49 13 L 1.94 101 21.3 0.05

AElectrical conductivity.
Satluration percentage.
C3ogium adsoxpuon ratie,
Exchangeable sodium percentage.
eC - Clay
L - Loam
§ - Sand
8i - 8ilt,
Drganie madter,
zCaliou-e)u:hnnge capacity.
. Neurralization potentlal.
'Patential acrdily (positive valbes ndicate excess CaC O j—basic pverburden malerial).
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on overburden, Beluga River samples.

Ammonium acetate

Exlractable nutrients extractable cations Base Pyritic  Total Acid Tons
(ppm) (maq/100 g) CEC saturation S§04-S sulfuy  sulfur potential CaCOa/ 1,000 tons
& P K Ca Mg Ns K  (meq/100g) (%) (%) (%) (%) meq¥/100g) NP¥ PAM
2.4 2082 147.7 11.8 6.8 0.7 0.2 24 .4 15.8 <0.1 0.01 0.04 2.5 14.68 13.44
3.8 17651 18686 95 4.2 0.6 0.3 16.5 94.2 <0.1 0.02 0.04 2.5 15.97 14.72
47 1035 1988 93 3.2 0.7 038 2.0 100.0 <0.1 0.09 0.10 6.3 1256.69 122.564
10.0 856 1726 656 19 0.6 03 10.8 77.8 <0.1 0.02 0.04 1.3 23.09 22.44
3.8 2386 2804 166 4.2 0.7 0.7 23.0 92.2 <0.1 <0.01 0.06 3.8 10.03 8.13
24 1318 131.0 98 30 0.7 0.3 8.8 100.0 <0.1 0.02 0,02 1.3 27.17 26.52
5.3 1274 140.7 11,3 44 0.7 03 8.3 100.0 <0.1 0.01 0.01 0.8 12.13 11.83
2.4 16.76 2156.8 11.8 58 07 05 21.9 84.9 <0.1 0.01 0.02 1.8 8.05 7.10
9.1 1682 185.0 9.2 3.6 0.7 06 13.6 100.0 <0.1 0.01 0.01 0.8 31.02 30.72
8.6 11.32 98.6 6.4 2.0 0.7 0.2 6.5 100.0 <0.1 0.01 0.0} 0.6 13.64 13.84
138 1860 251.7 11.1 5.7 07 06 18.3 98.9 <0.1 0.0t 0.01 0.0 34.40 34.40
overburden, Fairview Mountain samples.
Ammonijum acetate
Exlractable nutrients  extractable cations Base Pyritic Tolal Acid Tons
(ppm) (meq/100 g) CECR saturation 804-S  sulfur sulfur potential CaCQ03/1,000 \ons
NGz P K Ta Mg Na K (meq/100g) (%) (%) (%) (%) (meqHY/100¢g)  NPU PA
3.1 18.78 604 98 47 0.6 <o0.1 88.4 17.0 <0.1 0.06 0.30 18.8 3.85 -5.65
3.3 14.30 1137 L0y 64 0.6 <0.1 29.0 55,2 <0.1 0.02 0.08 38 7.28 5.33
3.0 7.29 187.4 7.9 4.4 08 0.2 15.6 84.0 <01 0.01 0.02 0.6 7.70 7.40
3.4 1580 47.6 10.2 2.9 0.6 <0. 81.5 18.7 <0.1 0.01 0.48 30.0 9.56 -5.44
3.1 1490 144) 98 4.0 0.6 0.2 24.8 59.3 <0.1 0.02 0.02 1.8 5.0) 4.36
3.2 11.25 1022 18,7 5.6 0.6 <0.1 52.3 47.4 <0.1 0.0} 0.14 8.8 8.51 4,11
2.8 1468 1348 7.2 27 0.8 0.1 11.7 90.6 <0.1 0.01 0.01 0.6 8.30 6.00
3.3 11,82 GL8 134 6.0 0.6 <0.1 57.2 34.8 <01 0.04 0.32 20.0 18.07 8.07
3.1 8.19 706 7.2 258 06 <0.) 8.0 100.0 <0.1 0.04 0.04 1.8 26.47 25.62
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Table E-4. Chemical data on overburden, Canyon Creek site.

Electrical Total Acid Tong CaCO4/1,000 tons

pH conductivity Saturation Extractable nutrients (ppm) sulfur potential Neutralization Potential

Sample (paste) (mmhos/em) (%) NOj P K (%) (meq H*/100 g) potential acidity?
CnC8-1 5.3 0.1 43.6 3.0 19.52 93.7 0.04 2.5 16.79 16.54
CnC8-3 4.7 0.4 62.3 4.6 10.13 105.0 0.26 16.3 1084 2.69
CnC8-4 5.1 0.2 47.8 4.9 10.87 82.2 0.02 1.3 16.21 156.58

Bpositive valuos indicate excess CaCOy (basic overburden mateniat).

Table E-6. Chemical dala on overburden, Johnson Creek samples.

Electrical Exiractable nutrients Total Acid Tons CaCO3/1,000 vons

pH conductivity Saturation (ppm) sulfuy potential Neutralization  Potential

Sample (paste) (mmhos/em) (%) NOj P K (%) (mey H*/100 g) polential acidity?
JC3-2 7.2 0.2 61.9 5.1 21.54 113.2 0.09 5.6 18.42 15.62
JC3-3 8.3 0.1 50.3 3.6 2117 1343 0.02 1.3 16.687 16.02
JC3-4 8.7 0.2 68.2 4.1 88,54 153.2 0.15 9.4 8.28 3.68
JC3-6 8.7 0.2 41.2 2.2 17.81 223.0 0.02 1.3 14.568 13,93

3pasitive values indicate axgass CaCOy (basie averburden material).

Table E-8. Chemical daia o overburden, Wolverine Creek samples.

Electrical Total Acid Tons CaC03/1,000 tons

pH conductivity Saturation sulfur potential Neutralization Potlential
Sample (paste) {mmhosg/cm) (%) (%) (meq H*/100 g) potential acidity?
WC2-1 8.4 0.3 35.8 0.02 1.3 19.59 18.84
wC2-2 6.5 0.6 58.6 0.03 1.9 36.73 356.78
wC2-3 5.9 0.5 72.8 0.20 12.5 33.00 26.76
wC2-5 5.7 0.6 61.0 0.16 10.0 45,47 40.47
wWC2-8 5.7 0.2 85.1 0.05 3.1 26.82 25.28
wC2-7 6.6 0.7 81.9 0.42 28.3 32.30 18.16
wC2-8 6.0 0.2 60.8 0.07 4.4 24.60 22.40
weC2-11 6.3 0.1 47.5 0.01 0.6 16.56 18.26
WC2-12 6.3 0.1 42.0 0.01 0.6 16.39 15.09
WwC2-18 6.5 0.1 83.1 0.00 0.0 26.00 26.00
WC2-15 5.7 0.2 50.7 0.01 0.6 20.99 26.69

8pasitive values indicate excess CaCO 3 (basi¢c overburden mateyxial).

- 178 -



- 6L1

Table E-7. Physical end chemical data on overburden, Peters Hills area samples.

Ammaoniurn acetate

Particle-size-analysis extractable cations Base Total Acid Tons CaC03/1.000 tons
pH EC™* Sat® hydrometer (%) {meq/100 ) CECH 13 sullur polenlial Neutralization Potential
Sample {paste} (mmhosfem) (%} Sand Tt Clay Texture® Ca Mg Ma K (treq/100 g) (% ESPC (%) teeg HY /100 g3 potential acidity®
PAY-L 59 0.1 24.6 55 8 ki LS 2.5 0.3 [ <01 1.3 100.0 52.8 0.0 0.0 7.00 7.00
Pal-2 57 0.1 42 0 29 64 7 SiL 7.0 1.7 0.7 Q.2 19 507 5.9 0.00 0.0 15.97 1597
PAL-3 5.2 0.2 51.4 L1 71 12 SiL 35 ax 0.6 0.1 8.4 58.3 Ta 0.0 0.6 20.64 20.34
PAal-4 61 0.3 49.4 26 26 48 C 11.0 2.5 0.6 o3 256 56.3 .3 0.62 1.3 3451 33.56
PAl-B 5.8 0.5 89.3 70 8 22 SCL 34.4 4.7 08 0.1 14.0 805 1.4 0.06 38 34.86 3298
PAY-T 5.9 0.3 57.1 32 44 24 L 13.6 3.4 0.6 c.1 27.7 83.9 2.2 0.06 3B 25.65 2375
PA1-3 7D Q0.1 45.3 27 59 14 &L 5.5 1.2 0.5 o1 7.9 $6.1 T8 0.09 0.0 23.20 2320
PAL-9 7.0 0.2 46.9 25 82 13 SiL 5.9 1.4 0.6 0.1 76 100.0 7.9 0.01 (X 22.85 2255
PAL-1D 7.3 0.2 53.4 -3 67 25 Sk 6.0 2.0 0.8 0.2 15.0 58.7 4.0 0.00 9.0 26.47 26.47
PAL-13 7.1 0.1 41.8 B2 30 g SL 4.9 1.9 395 o1 T8 1000 508 4 0.00 0.0 17.37 17.37
PAl-12 -3 0.1 30.3 12 72 16 Sil Q.6 31 4.7 0.2 17.4 100.0 27.0 0.01 0.6 23.20 22.90
PAl1-13 7.1 0.2 457 16 63 21 SicL 11.0 4.1 07 2 2.9 76.5 33 0.00 0.0 3113 3113
Pal-i4 7.0 0.1 4279 61 32 T 5L 7.0 1.9 0.7 02 a4 100.0 7.3 .01 0.6 13,51 1521
PAL-13 849 0.2 49.8 14 b 13 Sil. 9.8 2.5 0.7 0.2 151 38.1 1.6 0.00 0.0 2162 21.92
PAal-16 &8 3.4 BOD &2 5 13 L&-SL 454 8.1 0.7 0.2 56,4 08,5 1.2 028 17.5 4186 3311
PAL-IT 7.0 0.1 38,4 58 36 & sL 7.0 1.1 0.6 0.1 67 100.0 2.0 0.00 0.0 12 36 12 36
Pal1-18 68 0.2 169 22 53 5 siL 8.4 kA .6 03 13.8 823 3.8 002 1.3 17.7%2 17.07
PAL-2D 8B Q.1 46.9 15 74 11 siL 7.0 35 0.6 0.3 11.3 1000 5.3 0.0u 0.0 1901 18.01
PAL-2} T.0 0.1 [5*% 38 38 & 8L 8.3 21 0.6 1] &9 100.0 6.7 Q.00 0.0 14.34 14.34
PAL-22 5.9 02 524 12 71 17 Sl q.5 3.3 .6 43 12.3 935 4.8 Q.08 2.0 2006 20.06
PAl-23 6.8 0.3 758 T1 4 b SCL 16.3 8.0 0.6 0.3 149 58.4 1.2 Q.16 10.0 35.648 30,68
PAL-24 7.3 0.1 374 B3 12 & LS 5.0 1.5 0.6 0.1 a8 100.0 102 000 0.0 BB 3.63
PA1-25 69 0.1 £3.6 27 81 12 Sl 5.5 3.2 06 02 127 819 4.7 0.00 00 18.56 16.56
FAl-26 6.9 0.1 417 62 33 T 5L e 1.7 Q.6 0.1 6.1 100.0 9.8 0.01 9.6 13 64 13.34
PAl-27 T.0 0.2 48,2 15 33 28 SiCL an 3.2 0.6 0.3 219 66.2 28 Q.00 0.0 3043 3043
PAL-28 B.7 09 94.1 B2 2 16 SL 411 6.7 0.6 0L 50.9 5.3 1.2 012 -] 55,62 51.87
PaL-29 T 0.2 41,1 32 34 24 L 8.1 26 3.6 0.1 1.9 95.8 3.0 0.01 0.6 1£.65 18.36
PAL-30 T.2 a1 35.8 B4 9 7 LS T3 1.7 0.6 <0.3 8.1 100.0 7.4 001 06 15,74 15.44
PAL-31 6.8 0.2 338 & 1] 3% SiCL a7 4.5 06 0.4 222 6.9 2.7 Q.00 0.0 27117 2717
PAL-33 Tz 0.2 478 12 36 32 SiCL 8.3 2z 0.6 a2 123 92.7 4.9 0.00 0.0 1263 12.83
PAL-35 7.1 0.1 388 {6 41 13 L 3.2 0.6 0.6 0.1 4.7 100.0 12.8 0.00 0.0 956 9.56
PAY-36 71 0.1 29.8 az 10 & LS 3.2 0.4 0.6 <0.1 3.9 100.0 15.4 0.0 0.6 7.93 7.63
PAY-37 7.0 Q9.2 17.5 18 58 28 5.CL 9.0 27 3.6 0.2 14.9 239 4.0 0.00 na 2250 22,50
PAl1-38 ) 4.6 45.9 10 Ga 22 Sil 6.3 o7 0.6 01 5 3 100.0 11.3 9.00 o0 15.3) 15 51

*Eleetnicul conductinty.,
SalurabLon paroon Lage .
fC - Clhay
L - Loam
5 - Sand
L= Sl
Cation-cXehanfe Capasity.
YExchangeably sodium perecntane,
Fomuve vilues indlcaie excess CaC Oy (busie gverbunden nuieral).
Frngulficient sumple,
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pH

Sample [paste)

SC4-)
5Ca-3
SC4-5
5C4-6
SC4-8
SC4.9
8C4-1)
5C4-13

6.0
4.9
5.2
5.4
5.3
2.3
5.3
5.0

EC2 Saluralion
(mmhosfem) (%)
0.1 44.7
9.2 63.5
0.1 a8z
0.6 3.5
0.4 64.%
0.1 43.8
az 45.6
a1 44.1

LEeeuncal conductivity.

BEadium udsorpLon gatli,

COrganie matier,
Fostive values indigate execss CaC0 g (Dasie overburden materud}

Table B-8. Chemical data on overburden, Seturday Creek samples.

SARY

1.3
0.4
0.8
0.3
0.3
0.7
0.8

Saturation
extract cations (meg/!)
Ca Mg T Na
0.1 0.2 03
1.9 12 25
0.5 0.2 0.5
3.9 3.4 0.6
28 2.4 0.3
0.7 0.3 0.5
1.0 0.4 0.5
0.3 0.1 05

1.1

oM*©
(%)

0.52
10.27
2.45
11.55
11.42
4.23
5.08
2.22

L
(%)

8.9
9.2
10.0
8.8
9.0
9.8
10.0
10.0

Extractable putrignis (ppm) 5045

NG

32
26
3.0
2.1
4.1
3.6
2.0
2.9

P
14.68
22.21
37.43
10,80
1557
1386
19.03

8.85

K
90.2
807
70.2
86.1
B9.9
96.9
81.4

148.%

(%)
<01
0.1
<1
<061

Pyritic
solfur
(%)

0,01,
0.03
0.02
.04
Q.02
.02
.04
a1

Totzl
sulfur
(%)

0.04
020
0.04
.14
0.2
0.03
0.04
0.02

Table E-9. Chemical data of overburden samples from Cepps Glacier area.

Extractable nutrientis (ppm) Tolal sulfur

pH EC® SBaturation QOrganic matter Lime
Sampte (paste) (mmhosfcm} (%) {%) (%) NOjz
CG3-1 6.6 0.9 52.4 4.27 10.1 2.1
CG3-2 6.6 G.7 67.9 8.93 9.0 4.3
CG3-3 7.8 0.6 59.3 2.55 8.5 3.6
CG34 7.3 0.7 24.2 1.89 7.7 3.1
CG3-5 7.4 0.6 58.2 2.61 2.9 3.7
CG3-7 7.0 0.3 50.6 4.35 9.8 4.2
CG3-8 6.3 0.6 86.6 8.89 9.4 3.4
CG3-9 6.7 0.2 54.9 2.88 89 2.3

2Fiectrical conductinity.
Positive values indieate excess CaCQ g (basic overburden material}.

13
11.32
9.75
11.69
10.72
12.07
7.07
871
15.85

Acid

potential

Tons Cal03/1,000 tons

Neutralization

{meq HT/100 g)

1

S Mo
F D e e S

Acid potential

potential

12.01
23.90
18.59
38.83
31.37
11.3
21.80

9.33

Potential
acidity?

11.71
Y7.85
18.24
34.43
27.62
10.36
20.55

j: REX]

TFons CaC02/1,000 tons

Neutralization Potential

K {%) (meq H*/100 g) potential acidity®
226.3 0.09 586 22.97 20.17
147.6 0.356 21.9 26.47 15.562
1521 0.02 1.3 32.65 32.00

84.5 0.63 1.9 213.54 212 .89
197.4 0.04 2.5 29.03 27.78
208.4 0.05 3.1 41.98 40.43
137.7 0.38 238 34.16 22 26
169.2 0.02 1.3 17.26 16.61



Table E-10, Suitability ratings for soils as sources of topsoiling material in Wyoming. From Wyaoming Department of

Parameter Good Fairx Poor Unsuitable
pH 6.0-8.4 65.5-8.0 5.0-5.5 <5.0
8.4-8.8 8.8-9.0 >9.0
Conduetivity (EC) <4 4-8 8-16 >16
(mmhos/em @ 25°C)
Saturation percentage 25-80 >80
(SP) (%) <25
Texture class 8L, L, 8iL, SCL CL, SiCL, SC, LS C, SiC, S
Sodium adsorption <6 8-10 10-16 >15
ratio (SAR)
Calcium carbonate (%) Low Moderate High
(none-slight) 15-30 >30
0-15
Moist consistence Friable Loose, firm Very firm
Dry consislence Loose, soft Slight)y hard, Very bard
havd
Selenium (ppm) <2 >2
Boron (ppm) <5 >6
Molybdenum (ppm) <5 >5
NOg (ppm) <50 (suspect) > 50 (suspect)

Enuvironmental Quality, 1980.

Degree of soil suitability

Table E-11. Suspect levels in overburden material of Montana. From Dollhopf and olhers,

Paramelter

Conductance {BC), . . .. .. .. .. e
Bodium adsorption ratio (SAR)

Mechanical analysis

Clay . . e e e

3PTPA extraction
Acid extraction

1978, u. 1, p. 43.
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Suspect level

>4-6 mmhos/em
>12

>10-20 ppm

>10-20 ppm
>0.1-1.0 ppm

>40 ppm

Unknown

pH <8,>10-15 ppm?
pH <8, >15-20 ppm®
>60 ppm

>0.4-0.56 ppm

>8.0 ppm
>30-40 ppm
>1.0 ppm?
>5.0 ppm®
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